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ABSTRACT

An existing FORTRAN IV computer program for blade-to-blade aerodynamic anal-

ysis of turbomachine blades was revised to obtain a simpler program consistent with re-

lated programs. The analysis is for two-dimensional, subsonic, compressible (or in-

compressible), nonviscous flow in a circular or straight infinite cascade of blades,

which may be fixed or rotating. The flow may be axial, radial, or mixed, and the

stream channel thickness may cha_ge in the through-flow direction. The results include

streamline coordinates, velocity magnitude and direction throughout the passage, and

the blade-surface velocities. This report includes a complete description of the input

required by the program and the program listing.
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REVISED FORTRAN PROGRAM FOR CALCULATING VELOCITIES AND STREAMLINES

ON A BLADE-TO-BLADE STREAM SURFACEOF A TURBOMACHINE

by Theodore Katsanis and William D. McNally

Lewis Research Center

SUMMARY

An existing FORTRAN IV computer program for blade-to-blade aerodynamic analysis

of turbomachine blades was revised to obtain a simpler program consistent with related

programs. The analysis is for two-dimensional, subsonic, compressible (or incompres-

sible), nonviscous flow in a circular or straight infinite cascade of blades, which may be

fixed or rotating. The flow may be axial, radial, or mixed, and the stream channel

thickness may change in the through-flow direction.

The program input consists of blade and stream channel geometry, total flow condi-

tions, inlet and outlet flow angles, and blade-to-blade stream channel weight flow. The

output includes blade-surface velocities, velocity magnitude and direction at all interior

mesh points in the blade-to-blade passage, and streamline coordinates throughout the

passage.

This report includes a complete description of the input required by the program and

the program listing.

INTRODUCTION

In the design of blade rows for compressors and turbines, it is desirable to obtain

fluid velocities in the blade-to-blade passage and particularly on the blade surfaces. The

trend to highly loaded blading results in widely spaced blades with less of the passage

within a guided channel between blades. Stream filament techniques, applicable only

within guided channels, can therefore no longer be used to obtain velocities over the en-

tire blade surfaces. However, finite-difference methods can be used to obtain a solution

of the stream-function differential equation in both the guided and unguided portions of the

passage.

Computer programs have been written which generate coefficients for the finite-



difference equations, solve these equations, anddifferentiate the resulting values of
stream function to obtain velocities throughout the blade-to-blade passageand on the blade
surfaces. This wasdonein reference 1 for single blade row turbomachines or cascades,
and in reference 2 for tandem or slotted blade machines.

When the program of reference 2 (TANDEM) was written, many improvements were

made over the single blade row program (2DCP) of reference 1. This report describes a

new program (TURBLE) which solves the same problem as 2DCP but incorporates all of

the improvements of TANDEM. The coding in TURBLE is both simpler and more fool-

proof than that of 2DCP. Another reason for writing TURBLE has to do with the magnifi-

cation program (MAGNFY) described in reference 3. The input to TURBLE has the same

form as the input to TANDEM, and this simplifies the input coding to the magnification

program (MAGNFY) of reference 3. It also allows the person using both TURBLE and

TANDEM to put his input data in the same form in both cases. Further, TURBLE allows

more interior mesh points in the solution region, and has its own error package indepen-

dent of the Lewis computer system. Finally, the output of TURBLE has been expanded

and clarified compared to the output of 2DCP.

Like 2DCP, TURBLE obtains the numerical solution for ideal, subsonic, compres-

sible (or incompressible) flow for an axial-, radial-, or mixed-flow cascade of turboma-

chine blades. The cascade may be circular or straight (infinite), and may be fixed or ro-

tating. The coordinates used are meridional streamline distance and angle in radians.

This report includes a complete description of input and program listing for

TURBLE. The mathematical analysis, the detailed program procedure, and the program

output for TURBLE are all very similar to that for TANDEM (ref. 2).

A TURBLE source deck on tape is available from COSMIC (Computer Software Man-

agement and Information Center), Computer Center, University of Georgia, Athens,

Georgia 30601. The program number is COSMIC number LEW-10788.

SYMBOLS

m meridional streamline distance, meters, see figs. 1 and 2

r radius from axis of rotation, meters

s angular blade spacing or pitch, rad

V_ tangential component of absolute fluid velocity, meters/sec

W fluid velocity relative to blade, meters/sec

z axial coordinate, meters

angle between meridional streamline and axis of rotation, rad, see fig. 1

angle between relative velocity vector and meridional plane, rad, see fig. 1
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p

relative angular coordinate, rad, see fig.

prerotation (rV_)in, meters2/see

density, kg/meter 3

rotational speed, rad/sec

Subs c ripts:

cr critical velocity

in inlet or upstream

le leading edge

out outlet or downstream

te trailing edge

DESCRIPTION OF INPUT AND OUTPUT

The computer program requires as input a geometrical description in m- _ coordi-

nates of the blade surfaces, a description in m-r coordinates of the stream channel

Figure 1. - Cylindrical coordinate system and velocity components.
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Figure 3. - Input form. Card column numbers appear at top.



through the blades, appropriate gas constants, and operating conditions such as inlet

temperature and density, inlet and outlet flow angles, weight flow, and rotational speed.

Figures 1 and 2 show the m- _ coordinate system for a typical blade-to-blade surface of

revolution. Output obtained from the program includes velocity magnitude and direction

at all interior mesh points in the blade-to-blade passage, blade-surface velocities,

stream-function values throughout the blade-to-blade region of solution, and streamline

locations.

Input

Figure 3 shows the input variables as they are punched on the data cards. There

are two types of variables, geometric and nongeometric. The geometric input variables

H
F

PITCH : s

A

Direction of
positive rotation

0 /-Blade surface l _\ : E

B

STGRF I-) Blade surface 2 J _ _

--- CHORDF

CD-10243

Figure 4. - Geometric input variables on blade-to-blade solution region.
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Figure 5. - Geometric input variables on a blade. BETI and BETO angles must be given as true angle 13,

not as angles measured in m-O plane. Use tan 13: r deldm to obtain !3, or measure true angle.
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Figure 6. - Geometricinput variables describing stream channel in rneridional plane.

AR

TIP

RHOIP

WTFL

OMEGA

ORF

are shown in figures 4 to 6. All input variables are described in the section which fol-

lows. Further explanation of key variables is given in the section Instructions for Pre-

paring Input.

The input variables are as follows:

CAM specific heat ratio

gas constant, joule/(kg)(°K)

inlet stagnation temperature, OK

inlet stagnation density, kg/meter 3

mass flow per blade for the stream channel, kg/sec

rotational speed, w, rad/sec (Note that w is negative if rotation

is in the opposite direction of that shown in fig. 1)

value of overrelaxation factor to be used in the solution of the inner

iteration simultaneous equations (If ORF = 0, the program

calculates an estimated value for the overrelaxation factor.

See p. 10 for discussion.)

BETAI inlet flow angle

(fig.4)

BETAO outletflow angle

(fig. 4)

CHORDF

STGRF

MBI

/_e along BG with respect to m-direction, deg

/3te along CF with respect to m-direction, deg

overall length of blade in m-direction, meters (fig. 4)

angular 0-coordinate for center of trailing-edge circle of blade

with respect to the center of leading-edge circle of blade, rad

(fig.4)

number of vertical mesh lines from AH to BG inclusive (fig.4)



MBO

MM

NBBI

NBL

NRSP

RI1, RI2

RO1, RO2

BETI1, BETI2

BETO1, BETO2

SPLNO 1, SPLNO2

MSPI, MSP2

THSPI, THSP2

MR

number of vertical mesh lines from AH to CF inclusive (fig. 4)

total number of vertical mesh lines in the m-direction from AH to

DE, maximum of 100 (fig. 4)

number of mesh spaces in 0-direction between AB and GH, maxi-

mum of 50 (fig. 4)

number of blades

number of spline points for stream channel radius (RMSP) and

thickness (BESP) coordinates, maximum of 50 (fig. 6)

leading-edge radii of the two blade surfaces, meters (fig. 5)

trailing-edge radii of the two blade surfaces, meters (fig. 5)

angles (with respect to m-direction) at tangent points of leading-

edge radii with the two blade surfaces, deg (fig. 5) (These must

be true angles in degrees. If angles are measured in the m- e

plane, i.e. de/dm, BETI1 and BETI2 can be obtained from the

relation tan /3 = r(d0/dm). )

angles (with respect to m-direction) at tangent points of trailing-

edge radii with the two blade surfaces, deg (fig. 5) (These must

also be true angles in degrees, like BETI1 and BETI2. )

number of blade spline points given for each surface as input,

maximum of 50 (These include the first and last points (dummies)

that are tangent to the leading- and trailing-edge radii (fig. 5). )

arrays of m-coordinates of spline points on the two blade surfaces,

measured from the blade leading edge, meters (fig. 5) (The first

and last points in each of these arrays can be blank or have a

dummy value, since these points are calculated by the program.

If blanks are used, and the last point is on a new card, a blank

card must be used. )

arrays of 0- coordinates of spline points corresponding to MSP1 and

MSP2, rad (fig. 5) (Dummy values are also used here in posi-

tions corresponding to those in MSP1 and MSP2. )

array of m-coordinates of spline points for the stream channel

radii and the stream channel thicknesses, meters (fig. 6) (MR is

measured from the leading edge of the blade. These coordinates

should cover the entire distance from AH to DE, and may extend

beyond these bounds. The total number of points is NRSP. )



RMSP

BESP

array of r-coordinates of spline points for the stream channel
radii, corresponding to the MR array, meters (fig. 6)

array of stream channelnormal thicknesses corresponding'to the
MR andRMSParrays, meters (fig. 6)

The remaining variables, starting with BLDAT, are used to indicate what output is de-
sired. A value of zero for any of thesevariables will causethe outputassociatedwith
that variable to be omitted. A value of 1 will causethe corresponding output to be printed
for the final outer iteration only; 2, for the first andfinal iterations; and 3, for all outer
iterations. Care shouldbeused not to call for more output than is really useful. The
following list gives the output associatedwith each of these variables.

BLDAT

AANDK

ERSOR

STRFN

SLCRD

_TVL

SURVL

all geometrical information which does not change from iteration to iteration

(i. e., coordinates and first and second derivatives of all blade surface spline

points; blade coordinates and blade slopes where vertical mesh lines meet

each blade surface; radii and stream channel thicknesses corresponding to

each vertical mesh line; m- coordinate, stream channel radius and thick-

ness, and blade surface angles and slopes where horizontal mesh lines inter-

sect each blade; and ITV and IV arrays (internal variables describing the lo-

cation of the blade surfaces with respect to the finite difference grid). )

the coefficient array, the constant vector, and the indexes of all adjacent points

for each point in the finite-difference mesh (This information is needed for

debugging the program only. )

the maximum change in the stream function at any point for each iteration of the

SOR equation, eq. (AS), ref. 2

value of the stream function at each unknown mesh point in the region

streamline 0- coordinates at each vertical mesh line, and streamline plot

velocity and flow angle at each iterior mesh point

m-coordinate, surface velocity, flow angle, distance along surface, and

W/Wcr based on meridional velocity components where each vertical mesh

line meets each blade surface; m-coordinate, surface velocity, flow angle,

distance along surface, and W/Wcr based on tangential velocity components

where each horizontal mesh line meets each blade surface; and plot of blade-

surface velocities against meridional streamline distance, meters. (It is sug-

gested that SURVL=3 be used. This will give surface velocities after each

outer iteration, so that satisfactory velocities may be obtained even when

final convergence is not reached. )



Instructions for Preparing Input

Units of measurement. - The International System of Units (ref. 4) is used through-

out this report. However, the program does not use any constants which depend on the

system of units being used. Therefore, any consistent set of units may be used in pre-

paring input for the program. For example, if force, length, temperature, and time are

chosen independently, mass units are obtained from force = mass x acceleration. The

gas constant R must then have the units of force times length divided by mass times

temperature (energy per unit mass per degree temperature). Density is mass per unit

volume, and weight flow is mass per unit time. Output then gives velocity in the chosen

units of length per unit time. Since any consistent set of units can be employed, the out-

put is not labeled with any units.

Blade and stream channel geometry. - The upper and lower surfaces of the blade are

each defined by specifying three things: leading- and trailing-edge radii, angles at which

these radii are tangent to the blade surfaces, and m- and _-coordinates of several points

along each surface. These angles and coordinates are used to define a cubic spline curve

fit (ref. 5) to the surface. The standard sign convention is used for angles, as indicated

in figure 5.

A cubic spline curve is a piecewise cubic polynomial which expresses mathematically

the shape taken by an idealized spline passing through the given points. Reference 5 de-

scribes a method for determining the equation of the spline curve. Using this method,

few points are required to specify most blade shapes accurately, usually no more than

five or six, in addition to the two end points. As a guide, enough points should be speci-

fied _o that a physical spline passing through these points would accurately follow the

blade shape. This means that the spline points should be closer where there is large

curvature and farther apart where there is small curvature.

The coordinates for either surface of the blade are given with respect to the leading

edge, with the leading edge of the blade being defined as the furthest point upstream.

The mean stream surface of revolution (as seen in the meridional plane, fig. 6) and

the stream channel thickness are also fitted with cubic spline curves. The m-coordinates

for the mean stream surface are independent of the m-coordinates for blade surfaces.

Inlet and outlet flow angles. - The values of _le and i3te are given as average val-

ues on BG and CF, respectively. If the flow is axial these flow angles are the same as

the flow angles at AH and DE. If flow is radial or mixed, and these angles are not known

on BG and CF, 131e and t3te must be calculated by equation (B15) of reference 1 or

equation (B14) of reference 2.

Defining the mesh. - A finite-difference mesh is used for the solution of the basic

differential equation. A typical mesh pattern is shown in figure 7. The mesh spacing and

the extent of the upstream and downstream regions are determined by the values of MBI,

9
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Figure 7. -Typical mesh in blade-to-blade solution region.

MBO, and MM of the input. The mesh spacing must be chosen so that there are not more

than 2500 unknown mesh points.

Values of MBI, MBO, and MM should be determined so that the mesh which results

has blocks which are approximately square. To achieve this, a value for NBBI is first

chosen arbitrarily (15 to 20 is typical). NBBI is the number of mesh spaces spanning the

blade pitch, s, where s = 2_/NBL. Dividing s by NBBI gives the mesh spacing, HT, in

the 0-direction in radians. Muliplying HT by an average radius (RMSP) of the stream

channel gives an average value for the actual mesh spacing in the 0-direction. The value

of CHORD should then be used with this tangential mesh spacing to calculate the approxi-

mate number of mesh spaces along the blade in the m-direction. This will give MBO

once MBI is chosen. Generally, MBI is given a value of 10. MM, likewise, is usually

given a value 10 more than MBO.

Overrelaxation factor. - ORF is the overrelaxation factor used in each inner itera-

tion in the solution of the simultaneous finite difference equations. (See ref. 2, p. 101).
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ORF may be set to zero, or somevalue between1 and 2. ORF is usually given as zero
for the initial run of a given blade geometry and meshspacing (MBI, NBBI, etc. ). In
this case the program uses extra time and calculates an optimum value for ORF. It does
this by meansof an iterative process, and on eachiteration the current estimate of the
optimum value for ORF is printed.
ORF. If the user does not change
runs, even thoughblade geometry
timate of ORF in the input, saving
is not zero, it shouldhave a value

Actually, the value of ORF is

Thefinal estimate is the oneused by the program for
the mesh indexesMBI, MBO, MM, andNBBI between
or other input does change,he mayuse this final es-
the time used in its computation. In all cases, if ORF
greater than 1 andless than 2.
not as critical as the user might think. It gets more

critical as the optimum value gets close to 2. For any run of a given set of data, only
small changeswill occur in the rate of convergencein SORas long as the difference
2.0 - ORF is within 10percent of its optimum value.

Format for input data. - All the numbers on the card beginning with MBI and on the

card beginning with BLDAT are integers (no decimal point) in a 5-column field (see

fig. 3). These must all be right adjusted. The input variables on all other data cards are

real numbers (punch decimal point) in a 10-column field.

Incompressible flow. - While the program is written for compressible flow, it can

be easily used for incompressible flow. To do so specify GAM = 1.5, AR = 1000, and

TIP = 106 as input. This results in a single outer iteration of the program to obtain the

stream function solution.

Straight infinite cascade. - The program is as easily applied to straight infinite cas-

cades as circular cascades. Since the radius and number of blades (NBL) for such a

cascade would actually be infinite, an artificial convention must be adopted. The user

should pick a value for NBL, for instance 20 or 30. Then, since the blade pitch sr

(fig. 4) is known, an artificial radius can be computed from

r- NBL*(sr)

277

This r should be used to compute the P-coordinates requires as input (THSP1, THSP2,

and STGR) by dividing coordinates in the tangential direction by r.

Axial flow. - For a two-dimensional cascade with constant stream channel thickness,

constant values should be given for the MR, RMSP, and BESP arrays. Only two points

are required for each of these arrays in this case. The two values of MR should be

chosen so that they are further upstream and downstream than the boundaries AH and DE.

The two values of RMSP and BESP should equal the constants r and b.

11
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Output

Sample output is given in table I for the axial-flow stator example of reference 1.

The blade shape is shown in figure 7. Since the complete output would be lengthy, only

the first few lines of each section of output are reproduced herein. Most of the output is

optional, and is controlled by the final input card, as already described. In some in-

stances output lab els are simply internal variable names.

Each section of the sample output in table I has been numbered to correspond to the

following description:

(1) The first output is a listing of the input data. All items are labeled as on the in-

put form (fig. 3).

(2) This is the output corresponding to BLDAT. (See the list of input variables.

See ref. 2 for meaning of undefined labels. )

(3) The relative free-stream velocity W; the relative critical velocity Wcr; and the

maximum value of the mass flow parameter pW (corresponding to W = Wcr ) are given at

the leading edge of the blade (BG) and the trailing edge of the blade (CF). The inlet (out-

let) free-stream flow angle flirt (_out) at boundary AH (DE) is given. These angles are

based on the input angles BETAI, g]e' and BETAO, _3te.

(4) These are calculated program constants, including the pitch from blade to blade,

the mesh spacing, the minimum and maximum values of IT in the solution region

(ITMIN and ITMAX), and the value of the prewhirl _ (eq. (B8), ref. 2).

(5) This is the number of mesh points in the entire solution region at which the

stream function is unknown.

(6) This is the boundary value (BV) of the stream function on each of the blade sur-

faces.

(7) This is the output corresponding to AANDK.

(8) If the program calculates an optimum overrelaxation factor (i. e., ORF = 0 in

the input), then the successive estimates to the optimum value of ORF are printed. The

last printed value of the estimated optimum ORF is the value of the overrelaxation factor

(ORF) used by the program.

(9) This is the output corresponding to ERSOR.

(10) This is the output corresponding to STRFN.

(11) This is the total execution time after obtaining the stream function solution for

each outer iteration.

(12) This is the output corresponding to SLCRD.

(13) This is the output corresponding to INTVL.

(14) This gives the maximum relative change in the density, for each outer iteration.

(15) This is the output correspondipz to SURVL.

20



(16)This is the total executiontime after all calculations are completedfor an outer
iteration.

ERRORCONDITIONS

(1) SPLINT USED FOR EXTRAPOLATION

EXTRAPOLATED VALUE = X. XXX

SPLINT is normally used for interpolation, but may be used for extrapolation in some

cases. When this occurs, the above message is printed as well as the input and output

of SPLINT. Calculations proceed normally after this printout.

(2) BLCD CALL NO. XX

M COORDINATE IS NOT WITHIN BLADE

This message is printed by subroutine BLCD if the m-coordinate given this subroutine as

input is not within the bounds of the blade surface for which BLCD is called. The value

of m and the blade-surface number are also printed when this happens. This may be

caused by an error in the integer input items for the program.

The location of the error in the main program is given by means of BLCD CALL

NO. XX, which corresponds to locations noted by comment cards at each MHORIZ,

ROOT, and BLCD call in the program.

(3) ROOT CALL NO. XX

ROOT HAS FAILED TO CONVERGE IN I000 ITERATIONS

This message is printed by subroutine ROOT if a root cannot be located. The input to

ROOT is also printed. The user should thoroughly check the input to the main program.

The location of the error in the main program is given by means of ROOT CALL

NO. XX, which corresponds to locations noted by comment cards at each MHORIZ and

ROOT call in the program.

(4) DENSTY CALL NO. XX

NER(1) : XX

RHO*W IS X. XXXX TIMES THE MAXIMUM VALUE FOR RHO*W

This message is printed if the value of pW at some mesh point is so large that there is

no solution for the value of p and W. This indicates a locally supersonic condition,

which can be eliminated by decreasing WTFL in the input.

If RHO.W is too large, TURBLE still attempts to calculate a solution. This often

permits an approximate solution to be obtained, which is valid at all the subsonic points

in the region. In other cases the value of W is reduced at some of the points in question

during later iterations, resulting in a valid final solution for these points. The program

counts the number of times supersonic flow has been located at any point during a given

run (NER(1)). When NER(1) = 50, the program is stopped.
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The location of the error in the main program is given by meansof DENSTYCALL
NO. XX, which corresponds to locations notedby commentcards at each DENSTYcall in
the program.

(5) MM, NBBI, NRSP, OR SOMESPLNOIS TOO LARGE
If this is printed, reduce the appropriate inputs to their allotted maximum values.

(6)WTFL IS TOO LARGEAT BLADE LEADING EDGE
This is printed if WTFL is greater than the chokL_gmass flow for the boundary BG. If
this messageis printed, WTFL is cut in half by the program and calculations proceed as
usual.

(7)ONE OF THE MH ARRAYSIS TOO LARGE
This is printed if there are more than 100intersections of horizontal mesh lines with any
blade surface. In this caseNBBI should be reduced.

(8) THE NUMBEROF INTERIORMESHPOINTSEXCEEDS2500
This is printed if there are more than the allowable number of finite-difference grid
points. Either MM or NBBI must be reduced.

(9) SEARCHCANNOTFIND M IN THE MH ARRAY.
If this is printed, the value of m andthe blade-surface number are also printed. The
user should thoroughly check the input to the main program.

PROGRAM LISTING

The program is identical to TANDEM (ref. 2) except for deleting all code dealing

with the rear blade and making necessary corrections to the remainder. The program

procedure for TANDEM, given in reference 2, is applicable also for TURBLE, except

for small deletions. Also, the FORTRAN dictionary for TANDEM is valid for TURBLE.

COMMON SRW,ITER, IEND,LERI2)INER{2)

COMMON /AUKRHO/ A|2500,4),U(2500),K(2500),RHO12500)

COMMON /INP/GAM,ARtTIPpRHDIP,WTFL_OMEGA,ORFtBETAItBEIAOt

1 MBIIMBO,MM,JWBBI,NBL,NRSPtMR{50),RMSPISO],BESP(50)t

2 BLDAT,AANDK,ERSOR,STRFN,SLCRD, INTVL,SURVL

COMMON /CALCON/MBIMItMBIPItMBOMI,MBOPItMMMItHMIpHT_DTLR,DMLR,

1 PIT$H,CP,EXPDN,TWW,CPTIP,TGROG,TBI,IBO, LAMBDA,IWL, IrMIN, ITMAX,

2 NIPIIMSI2),BVI2),MVI[OO),IV(LOI),ITV(IOO,2),TV(IO0,2),

3 DTD_V{IOO,2),BETAV([OO,2),MHIIOO,2I,DTDMH(IOO,2)sBETAH(LO0,2),

4 RMH(IOO,2],BEHIIOO,2},RM[IOO),BEIIOO)wDBDMIIO0), SALI[OO),
5 AAA|[O0)

COMMON /GEOMIN/ CHJRDI2),STGRI21,MLE(2I,IHLEI2},RMII2),RMO(2),

1 RI(2ItRO(2I,BETII2),BETO(2I,NSPII2),MSP(SO,2),THSP|50,2)

COMMON /RHOS/RH_HB(IOO,2),RHDVBIlO0,2)

COMMON /BLCDCM/ EM[50,2),INIT(2)

INTEGE_ BLDAT,AANDK,ERSDR,STRFN,SLCRD_SURVL,AATEMP,SURF,FIRST,

1 UPPER,SI,ST,SRW

REAL KpKAK,LAMBDA,LMAX,MH,MLE,MR_MSLtMSP,MV,MVIMI

CALL lIME1([1}
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lO IEND = -1

ITER = 0

INITII| = 0

INIT{2| = O

CALL INPUT

CALL PRECAL

30 CALL CgEF

CALL SDR

CALL rIMEI(TZ)

TIME= (TZ-TI)/3600.

WR[TEI6t[O00) TIME

CALL SLAX

CALL IANG

CALL VELOCY

CALL [IMEI(T2)

TIME= IT2-TI)I3600.

WRITE(b,IO00) TIME

IF(NER[2).GT.O) GO TO I0

IF (IE_D) 30t30, I0

TO00 FORMAT (8HLTIME = ,FT._,SH

END

MIN.)

C

C

C

C

SUBROUTINE INPUT

INPUT READS AND PRINTS ALL INPUT DATA CARDS AND CALCULATES HORIZONTAL

SPACING (_V ARRAY)

COMMON SRWtlTERt IEND_LER(2)tNERI2)

COMMON IAUKRHO/ A(250O,41_U(2500}_K(2500ItRHO(2500)

COMMON IINP/GAMtARITIPtRHOIP,WTFLIDMEGA_ORF_BETAItBETADt

I MBIwMBO_MMpNBBIwNBLpNRSPpMR(SO)_RMSP(50)_BESPISO),

2 BLDATtAANDK_ERSORtSTRFNtSLCRDtINTVL,SURVL

COMMON /CALCON/MBIMI_MBIPI_MBOMI,MBOPI,MMMItHMItHT,DTLRtDMLRt

I PITCHtCPtEXPONtIWWtCPTIP_TGROGtTBItTBOtLAMBDAtTWLtITMINtITMAX_

2 NIPpIMS(2ItBV(2|tMVIIOO)tlVIIOI)IITV(IOO_2)tTV(IOOt2)_

3 DTD_VIIOO_2)tBETAV[IOO_2)tMHIIOO_Z)_DTDMH[[OO_2)tBETAH(IOOt2)_

4 RMH[XOO_Z)tBEH(IOO_2I_RMIIOOI_BE(IOO)tDBDM[[OO)_ SALIIOOIt

5 AAA(XO0}

COMMON IGEOMIN/ CHOROi2ItSTGR(2I,MLE(2)tTHLE(2|yRMII2D,RMO(2|,

I RII2),RO[2)_BETIIZ)tBETO(2IvNSPI(2|,MSP|50,2),THSP(SDt2|

COMMON IRHOS/RHDHBiIOO_2)_RHOVB(IO0,2I

INTEGER BLDATtAANDKtERSORtSTRFNISLCRD_SURVL,AATEMP_SURFtFIRSTt

I UPPERtSI_ST_SRW

REAL K_KAKtLAMBDAtLMAXtMH_MLEtMR_MSL_MSP_MV_MVIMI

READ AND PRINT ALL INPUT DATA
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WRITE(b,IO00)

READ(5, L[O0)

WRIIEt6,1IO0)

WRITE[6,1ILO)

READ [5,1030

WRITE{G,I040

WRITE(6_1120

READ [5tl030

WRITE(6,1040

WRITEI6,1130

READ (5,10L0

WRIIE(5_IOLO

DO tO J:L,2

) GAM_AR_T|P_RHOEPtWTFLtBLANK_DMEGA_ORF

) GAM_AKtTIP_RHDIPtWTFL_BLANKtUMEGAtORF

)

)BETAI,BEIAO,CHORD[L)tSTGRIL)

)BETAI,BETAO_CHORDIL)_STGRII)

)

) MBI_MBOtBLANKtBLANKtMM_NBBI,NBL_NRSP

) MBI_MBO_BLANK_BLANK_MMtNBBI_NBLtNRSP

IF IJ.EQ.I) WRITE(6, LL40P

IF (J.EQ.Z) WRITEI6, I[50)

WRITEIS,IL80) JvJ_JvJ,J

READ [5oi030) RI(J)tKO[J),BETI(J),SETO{J)tSPLNO

WRITE(6,10_O) RI(J],RO[J),BEII(J),BEfO(J),SPLNO

NSPI(J)= SPLNO

J

(MSP{I_J)_I=LtNSP)

(MSP(IIJ]vI=ItNSP}

J

(THSPIItJ)_I=Ip_SP)

(IHSPfltJ)vI:ItNSP)

(MR(IIp[:I_NRSPI

(MR(II_I:ItNRSP)

(aMSP[I}_I:ItNRSP)

(aMSP(IIvI=LvNRSP]

(BESP(1)tI=I,NRSP)

[SESPIIIpI=L_NRSP]

BLDAIwAANDKtERSORtSTRFNtSLCRDt[NTVLtSURVL

BLDATIAA_DKwERSOR_STRFN_SLCRDtINTVLtSURVL

IF {MM.LT-IOO-A_D.NBBI._.50.AND.NRSP._.50.AND.NSPI{X)._.50

t .AND.NSPI{2)._.SO) GO TO 20

WRITE (6_L250)

STOP

NSP = NSPI(J)

WRITEIS,ILgO)

READ |5,1010)

WRITE[6,1040)

WRITEI6,LZOO]

READ (5_t030)

tO WRIIE{6_IO_O]

WRITE(5_I2tO]

READ (5_1030)

WRITEIS_I040)

WRITE(_1220

READ |5_L030

WRITE(6tLO_O

WRiIE(_,I2_O

READ (StIO_O

WRITE(6,L040

WRIIE(_1260

READ (5_lOlO

WRITE(5,1020

CALCULATE MV ARRAY

20 HMI = CHORD(II/FLOAT[MBO-MBI]

DO 30 IM:I_MM

30 MV(IM) = FLOAT(IM-MBI)_HMI

CALCULATE MISCELLANEOUS C3NSTANTS

NERIL}=O

NER{2)=O

PITCH : 2._3.I_X5921/FLOATINBL)

HI: PITCHIFLDATINB81_

DTLR= HTIIOOO.

DMLR = HM_/|000.

BV{L} = O.

BV(2] = I.

MSIML= MBI-I

MBIP[= MBI+L

MBOML= MBO-L

MBOPt= MBO÷I

MMMI = MM-[
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CP = ARIIGAM-I.I_GAM

EXPON= I.I(GAM-L.)

TWW= 2._OMEGAIWTFL

CPTIP= 2._CP_T|P

TGRUG= 2o_GAM_AR/(GAM+L-)

CALL SPLINT(MR,RMSPtNRSPtMV_MMeRM,SAL}

CALL SPIlNT(MR, BESP,N_SPtMV,MM,BEtDBDM)

CALCULAIE GEOMETRICAL CONSTANTS

CHORDI21 = CHORD(E)

STGKIZ} = STGR(L)

MLEII) = O.

MLEi2| = O.

THLEII) = O.

THLE(2) = PITCH

RMI(}) = RM(MBI)

RMI(2) = RM(MBI)

RMUiL) = RM(MBO)

RMO|2) = RMIMBO)

INITIALIZE ARRAYS

DO 60 I=112500

U(I) = [.

K(I) = O.

60 RHOiI) = RHOIP

DO 70 IM=L,LO0

DO 70 SURF=I,2

RHOHB(IM,SURF) = RHOIP

70 RHOVB(IMISURF) = RHOIP

RETURN

L000 FORMAT (|HI)

1010 FORMAT (1615)

I020 FORMAT (IXt1617|

10]0 FORMAT (BFIO.S)

10_0 FORMAT (lX,8G[6.7)

LID0 FORMAT (BOH

L )

III0 FORe, AT (/Xt3HGAMtI4Xp2HARgI3Xt_HIIPtI2X,SHRHOIP,I2X,4HWTFL,IIX,BHW

LTFLSP,LOXt5HOMEGA, L2X,3HDRF)

I120 FORF_AT |6X,5HBETAI,IOX, 5HBETAO,IEXtBHCHORDFtlIX,SHSTGRF|

Ll)O FORMAT (@IH MBI MBD MK NBBI NBL NRSP)

ll_O FORMAT (39HL BLADE SURFACE I -- UPPER SURFACE)

I150 FORMAT {39HL BLADE SURFACE 2 -- LOWER SURFACE)

[1BO FORMAT (/X,2HRI,II,12X,2HROtlI,12X,4HBETItIItIIX,_HBETO_II,LIX,5HS

IPLNO, II)

II90 FORMAI (7X,3HMSP,II,2X,SHARRAY)

120U FORMAT (TX,4HTHSP, II,2X_SHARRAY)

12LO FORMAT (LbHL MR ARRAY;

1220 FORMAT (IX,IIHRMSP ARRAY)

i2)0 FORMAT (7X,IIHBESP ARRAY)

12_0 FORMAT (52HL BLDAT AANDK ERSOR STRFN SLCRD INTVL SURVL)

1250 FORMAT (41HI MM,NBHI_N_SPgOR SOME SPLNO IS TO0 LARGE)

END
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$|BFIC PRECAL DEBUG

SUBROUTINE PRECAL

PRECAL CALCULATES ALL REQUIRED FIXED CONSTANTS

COMMON SRW,ITER, IEND,LER(2),NER(2)

COMMON IAUKRHO/ AI2500,4)tUI25OOI,K(25OO)tRHO|2500)

COMMON /INP/GAMtAR,TIP,RHDIPtWTFLtOMEGA,ORFtBETAI,BETAU,

! MBIrMBO,MM,NBBI,NBL,NRSP,MRI50),RMSP{50)_BESP(50)t

2 BLDATtAANDKtERSORtSTRFNISLCRDfINTVL,SURVL

COMMON /CALCON/MBIMItMBIPI,MBOMItMBOPI,MMML,HMI,HT,DTLRtDMLR,

1 PIT_HtCPtEXPON,IWWwCPTIP_TG_OG_TBItTBOpLAMBDAtTWLtlTMINtITMAX,

2 NIP, IMS(2),BVI2IeMVII00),IV(IOI)tITVIIOO,2),TVIIOO,2I,

3 DTDMVIIO0_2)tBEIAV(LOOt2)_MH([OO_2)tDIDMH([00,2I,BETAH([O0_2)_

RMH(LOUt2),BEHILOD_2),RM| IOOltBE(lOO)tDBOM(lO0|, SAL|IOO)_

5 AAA([O0|

INTEGE_ BLDAT,AANDK,ERSOR,SIRF_tSLCRDtSURVL_AATEMP,SURF,FIRST,

l UPPIR_SI,STtSRW

REAL K,KAKtLAMBDAtLMAX,MHtMLE_MRtMSLrMSP,MV,MVIMI

EXTERNAL BLIIBL2

CALCULATE LAMBDA AND V[

BEIAI = BETAI/57.295779

BErAO = BETAO/57.295779

TBI = SIN(BETAII/COSIBETAI)

TBO = SIN(BETAO)/COSIBETAO}

I0 RHOT = RHDIP

RHOVl = WTFL/BE(MBI)/PITCH/CDSIBETAI}/RM(MBI)

20 V| = RHOVI/RHOr

LAMBDA = RMIMBI)*(VI*SIN|BEIAI)+OMEGA*RM(MBI))

TTIP = 1.-(VI**2+2.*OMEGA*LAMBDA-(OMEGA*RMIMBII)**2|/CPTIP

IF(IIIP.LE.O.} GO IO ]0

RHOMBI = RHOIP*TTIP**EXPON

IF|ABS(RHOMBI-RHOT)IRHDIP.LT..00000[) GO TO 40

RHOT = RHOMBI

GO TO 20

30 WTFL = WTFL/2.

NER{2)= NER(2)_[

WRITE|6,LO20) WIFL

IF(NER(2I.EQ.IO) STOP

GO IO 10

_0 VI = RHOVI/RHOMBI

LAMBOA = RM(MBI)*(VI*SIN(BETAI)÷OMEGA*RMIMBI))

CALCULATE MAXIMUM VALUES FOR RHO*W AT LEADING AND TRAILING EDGE

TWL =

AA =

TPP = [IP*|I.-AA)

BB = [GROG*TPP

TTIP = [.-BB/CPIIP-AA

RHOI = RHOIP*TTIP**EXP3N

RHOWMI = RHOT*SQRT(BB)

AA = ([WL-IOMEGA*RM|MB_

TPP = TIP*(I.-AA)

BB = I_ROG*TPP

rTIP = I.-BB/CPTIP-AA

RHOT = RHOIP*TTIP**EXPON

RHOWMO = RHOT*SQRT|BB)

2.*OMEGA*LAMBDA

(IWL-IOMEGA*RM{MBII|**2)/CPTIP

))**2)ICPTIP

CALCULATE VO AND W-CRITICAL AI BLADE LEADING AND TRAILING EDGE
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RHOVO = WTFLIBE{MBO )IPITCHICOS(BETAO)/RM(MBOI
RHOMB2 = RHOIP

TWLMR = TWL-(OMEGA_RM(MBO ))_2
LERII)=L
DEN$IY CALL NO. L
CALL DENSTY(RHDVOIRHOMB2tMO_TWLMRrCPTIP_EXPONtRHOIP_GAM_ARpTIP)
WCRI = SQRT(TGROG_TIP_{|.-(TWL-(OMEGA_RM(MBI))_*2)/CPTIP))

WCRO = SQRT(TGROG_TIP_(L.-(TWL-IOMEGA_RM(MBO )}_2)/CPTIP))

CALCULATE BETA CORRECTED TO BOUNDARY A-N AND G-H

TWLMR = TWL-(OMEGA*RMI[))_2
RHOL = RHOMBI

TBI1 = I.E20
50 TBIT = (TBI/BE(MBI)_RHDI/RHOMBI_OMEGA_(RMIMBI)_2-RM(II_2)_RHUL

L IWTFL*PITCHI*BE(I)

IF(ABSITBIL-TBIT)oLT..OOOO[) GO TO 60

TBI[ = TBIT

RHOVI = WTFL/PITCH_SQRT(L.+TBII_2)/BE(L)IRM(1)
LER(L)=2

C DENSTY CALL NO. 2

CALL DENSTY (RHOVItRHDItAA_TWLMR_CPTIP,EXPONtRHOIP_GAM_ARoTIP)
GO TO _O

60 TBI = TBIT
BTAIN = ATAN(TBI)_57.295779

TWLMR = TWL-|OMEGA_RM(MM})_2
RHOMM = RHOMB2

TBOM = L°E20

lO TBOT = (TBO/BE(MBO |_RHOMM/RHDMB2÷OMEGA_IRM(MBO )_2-RMIMM)_2)_

L {(HOMMIWTFL*PIICH)_BE(MM)

IF (ABSiTBDM-TBOT).LT°.OOOOLI GO TO 80
TBOM = TBOT

RHOVD = WTFL/PIICH_SQRT(I.+TBDM_2)/BE(MM)/RM(MM)
LERIL)=3

C DENSIY CALL NO. 3

CALL DENSTY (RHOVOtRHDMMwAAtTWLMRtCPTIP_EXPONtRHOIP,GAMtARtTIP)
GO TO tO

80 IBO = IBOT
BTAOUT = ATAN(TBQ)_ST.295779

CALCULATE TVt ITVt IVy DTDMVt AND BETAV ARRAYS

, ITMIN = 0
ITMAX : NBBI-L

C [V_ ITV_ AND DTDMV ON BLADE
DO 90 IM=MBI_MBO

LERI2)=L
C BLCD CALL NO° L

CALL BLI(MVIIM),TV(IM_I),DTDMV(IM_[),INF)

[TV(IM_[)= INT((TV(IM_L)÷DTLRIIHT)
IF ([V(IM, L).GT.-DTLR) [TVIIM_I)=ITV(IM_L)*L

ITMIN= MINO{ITMIN_IIV(IM_L)|

LER(2)=2
C BLCD CALL NO° 2

CALL BL2(MViIM)_IVIIM_)_DTDMV(IM_2)_INF)

ITV(IM,2)= INT((IV(IM_Z)-DTLRI/HT)
IF (TV(EM_2)°LT.DTLR) ITVIIM_Z)=ITV(IM_2)-!

90 ITMAX= MAXO(IrMAX_ITVIIM,2))

C ITV AND IV UPSTREAM OF BLADE

FIRST : O
LAST = NBBI-I

DO L20 IM=I_MBIMI

ITV(IM, L)= FIRST

!20 [TV(IM_2I= LAST
C ITV DDWNSTREAM OF BLADE
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140 LASI= ITVIMBO_2)

FIRST= LASTeX-_BBI

DO 150 IM=MBOPL,MM

ITVIIM, I) = FIRST

150 ITV(IMt2) = LAST

ITMIN = MINO[ITMIN, ITV(MM_I))

CALCULATE IV ARRAY

IV(T) = I

O0 t60 IM=I_MM

160 IV(IM÷I| = IV{IM)÷ITV(IM,21-1TVIIM,I)÷£

BETAV ARRAY

DO 200 SURF=I,2

DO 200 IM=MBI,MBO

200 BETAV[IM,SURF) = ATAN|DTDMV(IM,SURFI_RMqIM))eST.2gSITQ

NIP = IVIMM)+NBB[-[

WRITE{6, I030) VI,RHDWMI,WCRIpBTAIN,VOIRHOWMO,WCRO,BTAOUT

WRIIEi@tI040) PIICH,HT_HMI

WRITE(5_[050} ITMI._,ITMAX,LAMBDAtNIP

WRITE(5_I060) (SURFIBV[SURF},SURF=I,2]

IF[BLDAT.LE.O) GO TD 230

WRITE (6,10/0)

WRITE {6,[080) |MV(IM),TVIIM,I),DTDMVII_,I),TV(IM,2),DTDMV(IM,2)p

1 IM=_BI,MBO)

WRITE (6_lOgO) (IM,MV(IM),RM(IM],SALIIM),BE(IM},DBDM{IM),IM=I,MM)

230 CONTINUE

CALCULATE MH AND DTDMH ARRAYS

24O

Z90

ITO = ITVII,I)

MRTS = L

IMS(I) : I

MH(LtL) = O.

DTDMH(I,I) = I.ELO

LER{2) = 3

BLCD AND ROOT (VIA MHORIZ) CALL NO. 3

CALL MHORIZ(MVtlTVIItl)vBLItMBI_MBOtlTO,HItDTLRtOtIMS(1)_MHII_I),

DIDMHII,I)tMRTS)

IF (ITVIMBO, I)-IIV(MBO,2}÷NBBI.NE.2) GO TO 240

IMSL = IMSII)+I

MH(IMSL,I) = MV(MBO)

DTDMHIIMSL,I} = -I.E/O

IMS[I) = IMSL

IMS{_} = 0

MRIS = I

LER(2) = 4

BLCD AND ROOT (VIA MHORIZ) CALL NO. 4

CALL MHORIZ[MVtITV(II2)mBL2tMBItMBD, ITO,HT,DTLR_ItIMSI2]tMH{[o2},

DTDMHIIt2)tMRTS)

I = MAXOIIMSKL),IMS(2I)

IFII.LE.[O0) GO TO 290

WRITE(6tIIO0) I

STOP

IF(BLDAI.LE.O) GO TO 300

WRITE (6tiT(O) (IM,IVIIM),[ITVIIM,SURF),SURF=I,2),IM=I,MM)

CALCULATE RMH, BEH, AND BETAH ARRAYS

}00 IF(BLDAT.GT.O) WRITE(6_II20}

00 320 SURF=I,2

CALL SPLINT(MRIRMSPvNRSPtMHII_SURF)_IMSISURF),RMHII,SURF)_AAA)

CALL SPLINT[MRtBESP,NRSP,MH(ItSURF)_IMS(SURF),BEH(ItSURF)_AAA)

IMSS = IMSISURF)

IF(IMSS.LT.I) GO TO 320

O0 _LO IHS = I,IMSS
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310 8ETAHIIHS,SURF) = ATAN|DTDMH(IHStSURF)*RMHIIHS,SURF))*51.295179

IF (BLDAT.GT.O) WR[TEIBtL[30) SURFI(MH(IM,SURF),RNHIIN,SURF)t

l BEH(IMtSURFJpBETAHIIMtSURF),DTDMH{IM,SURF)tIM=ItlMSS)

320 CONTINUE

IF (BLDAT.LE.O) GO TO 340

WRITE {6,1140)

IT = ITMKN

330 IF (IT.GT.ITMAX) GO TO 340

TH = FLOATIIT)*HT

WRIIE (6tlOlO) ITtTH

IT = II÷[

GO TO 330

360 IF(NIP.LE.2500) GO TO 350

WRITE(6,LISO}

STOP

350 WRIIE [6tXO00)

RETURN

lO00 FORMAI IIHI)

IOLU FORMAT (4X,16,G16o5)

1020 FORMAT{bOHLINPUT WEIGHT FLOW IWTFL) IS TO0 LARGE AT BLADE LEADING

IEDGE/LbH WTFL REDUCED TO,GI6.6)

[030 FORMAT (IHI/24X,EOHFREESTREAM_BXtI3HMAXIMUM VALUE,

LIX,_HCRITICAL,3OXtl6HBETA CORRECIEDI25Xt8HVELOCITY,IOX,gHFOR RHD*W

2,10X,BFIVELOCITY, 3LX,LEHTO BOUNDARY/IX,E7HLEADING EDGE B-G,3GI8.5,

312XtLZ_BDUNDARY A-HeG|B.S/IX,17HTRAILING EDGE C-F,3GI8oS,12X,

412HBUUNDARY D-E,G18.5)

1060 FORMAT(33HL CALCULATED PROGRAM CONSTANTSIISX,SHPITCHtI3X,

I 2HHT,I3Xt3HHMI/1X,5GI6./I

[050 FORMAT (/5X_5HITMI_B10X,SHITMAX/6X,IStLOX, IS//SX,GHLAMBDA/IXtGI6-?

l ,/38HL NUMBER OF INTERIOR MESH POINTS = ,I5)

L060 FORMAT(2BHL SURFACE BOUNDARY VALUESIISX,THSURFACE,7Xp2HBV

L/{SX,16,6X,FIO. 5))

[OTO FORMAT ILHI,6X,62HBLADE DATA AT INTERSECTIONS OF VERTICAL MESH LIN

IES WITH BLADES)

IOBO FORMAT (LHLt22X,XSHBLADE SURFACE 1BI5X,LSHBLADE SURFACE 2/1X,

l IHM, 16X,ZHTV,[IX,SHDTDMV, 12X,2HTV,XIX,SHDTDMV/(SGLS-5))

IO90 FORMAT (EHI,13X,44HSIREAM SHEET COORDINATES AND THICKNESS TABLE /

[ 2X,2HIMt7XtLHM,14XtIHR,13Xt3HSAL_L3X_IH_,L2XtSHDB/DM/(LXtI3,

2 5GI_.5))

ILOO FORMA{|36HLONE OF THE MH ARRAYS IS TOO 1ARGE/?H IT HAS,15, 8H POT

LNTS)

IILO FORMAT q6Hl IM, gX,BHIV ARRAY,25X,qHITV ARRAY/38XvSHBLADEI31X_lHSUR

LFACE,]XtlHIt5X,IH2139X,3HNO./|IX,13tSX,IIO,25X,2(14t2XII)

IL20 FORMAl (6/HIM COORDINATES OF I_TERSECTIONS OF HORIZONTAL MESH LINE

XS WIIH BLADE)

If30 FORMAT (25HLMH ARRAY - BLADE SURFACEtI2//ISXt2HMHtIgX,3HRMH,IgXt

l 3HBEH,IBXtSHBEIAHtIlX,SHDTDMHIISG22-4))

lifo FORMAT I63HITHETA COORDINATES DF HORIZONTAL MESH LINES//6X,2HII,

iSX,SHIHETA)

LlSO FORMAT{_BHLTHE _UMBER OF INTERIOR MESH POINIS EXCEEDS 2500)

END
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$IBFTC MHORIZ DEBUG

SUBROUrINE MHORIZ(MV,ITV,BL,MBT,MBO, ITO,HT,OTLR,KODE,J,MH,DIDMH,
IMRTS)

C

C MHORIZ CALCULATES M COORDINATES

C MESH LINES WITH A BLADE SURFACE

C KUDE = O FOR UPPER BLADE SURFACE

C KODE = I FOR LOWER BLADE SURFACE

C

OF INTERSECTIONS OF ALL HORIZONTAL

10
20

30

_0

5O

COMMON SRWtITERt IEND_LER(21,NER(2I

DIMENSION MV(IOO)tlrV|[O0),MHIIOO),DTDMH([O0)

INTEGER BLDATtAANDK,ERSOR,SIRF_,SLCRD, SURVL,AATEMP,SURF,FIRSI,

| UPPER,SI,ST,_RW

REAL K,KAKrLAMBDA,LMAXtMH_MLEIMRtMSLtMSPtMVtMVIMI

REAL MVIM

EXTERNAL BL

IF (MBI.GE.MBO) RETURN

IM= MBI

ITIND= O

IF ([TVIIM+LI-ITV{IM)-ITIND) ]0,_O,50

J= J+l
TI= FLOAT(ITVIIM+I)-ITO-ITIND+KODE)tHT

ITIND= [TIND-I

MVIM = MV(IM)

IF IM_IS.EQ.t) MVIM = MVIM+IMV[IM*I)-MVIM)I[O00.

CALL ROOT (MVIMtMV(IM+I)tTI,BL_DTLR_MH(J)tDTDMH(J))

GO [0 20

IM= [N+t

MRTS = 0

IF (IM.EQ.MBO) RETURN

GO TO tO
J= J+t

TI= FLOATIITV(IM)-ITO+ITIND+KDDEI#HT
ITINO= IT[ND+I
MVIM = MV(IM)

IF IMRTS.EQ.I) MVIM = MVIM+(MV(IM+I)-MVIM)/IO00.

CALL R3OTIMVIM ,MVIIM+I),TI,BLtDTLR,MHIJ),DTDMH(J))

GO TO 20

END
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$IBFIC COEF DEBUG

SUBROUTINE COEF

C

C COEF CALCULATES FINITE DIFFERENCE COEFFIC[ENfS, Ap AND CONSTANTSt Kt

C AT ALL UNKNOWN MESH POINTS FOR IHE ENTIRE REGION

C

COMMON SRWtlTER, IE_D,LER(2)tNER{2)

COMMON IAUKRHO/ A(2500,4),U(25001_KI2500)tRHO(2500)

COMMON IINP/GAM_ARtTIP_RHOIPwWTFL_OMEGA_ORFtBETAIpBETADt

L MBI,MBO_MMtNBBI,NBLtNRSP,MR(50),RMSP(50),BESP(50)t

2 BLUATtAANDKtERS_RpSTRFNtSLCRD_INTVL,SURVL

COMMON /CALCONIMBIMI,MBIPI_MBOMItMBOPI,MMMI,HMI_HT,DTLRtDMLRj

L PITCHtCP,EXPONtTWWtCPTIP_TGROGtTBEtTBO_LAMBDAtTWL,ITMIN_ITMAX,

2 NIP, IMS(2),BVI2),MV(IOO)tlV([OI)tITV{IOO,2),TV(IO0,2|,

3 DTDMVILOOt2)tBEIAV{IOOt2}tMHIIOOp2)tDIDMHIIOOt2),BETAHIIOOt2)t

4 RMH(IOO,21_BEH(IOO,2),RM(IOD),BE(IOO),DBOM(IO0), SAL(LOO)t

5 AAA(IO0)

COMMON /HRBAAK/Hf4}tR(4),B(4}_KAK(4),KA{4ItRZ_BZtIH(4)

INTEGER BLDATtAANDK,ERSORtSTRFNtSLCRDtSURVLtAATEMPtSURFtFIRST,

I UPPER,SItST,SRW

REAL KeKAKILAMBDA,LMAXtMHtMLEtMRtMSL_MSPtMV_MVIMI

INITIALIZE ARRAYS

ITER = ITER+I

IHII) = I

IHI2) = 0

INCOMPRESSIBLE CASE

IFIGAM.NE.I.5.OR.AR.NE. IOOO..DR.TIP. NE.I.Eb) GO TO 20

IEND : I

GO TO 40

ADJUSTMENT OF PRINTING CONTROL

20 IFKITERoNE.I.ANDoITER.NEo2)

AANDK = AANDK-L

ERSOR = ERSOR-I

STRFN = STRFN-I

SLCRD = SLCRD-I

INTVL = INTVL-I

SURVL = SURVL-I

30 IF(IEND.NE.O) GO TO 40

AANDK = AANDK+2
ERSOR = ERSOR+2

STRFN = STRFN÷2

SLCRD = SLCRD÷2

[NIVL = INTVL÷2

SURVL = SURVL÷2

VARIABLES

GO TO 30

FIRST VER[ICAL MESH LINE

40 DO 50 IP=ItNBBI

A(IP,I) = O.

AiIPt2) = O.

A(IPt3I = O.
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C
C

C

C
C
C

A(IP,41 = I.

50 K(IP) : HML*TBIIPITCHIRM{1)

UPSTREAM OF BLADE, EXCEPT FOR FIRST VERTICAL MESH LINE

IF(2.GI.MBIMI) GO TO 70

DO bO IM=2,MBIML

60 CALL CDEFP(IM)

BETWEEN BLADES

70 DO BO IM=MBItMBO

80 CALL CDEFBB(IM)

DOWNSTREAM OF BLADES EXCEPT FOR FINAL MESH LINE

L50 IF(MBOPL.GT.MMMI) GO TO 170

DO LbO IM=MBOPL_MMM[
160 CALL CDEFPIIM)

FINAL VERTICAL MESH LINE

IlO IVM_ = IV(MM)

DO L80 IP=IVMMp_IP

A(IP,L) : O.

A(IPtZI : O.

A(IP,]) = I.

A(IP,4) = O.

LBO K(IP) : -HML_TBD/PITCH/RM(MM)

TAKE CARE OF POINTS ADJACENT TO Bw AND CASES WHEN POINTS J_CvE, OR F
ARE GRID POINTS

POINT B

IP = IV|MBIMI)

AIIP,4) = O.

POINT C

IF{ITV(MBO,I)-ITV(MBO,21+NBBI.NE.2) RETUR_

IT = ITV(MBO,X)-L

IP : IPF(MBOPI,III

A(IPt3) : O.

RETURN

END
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$IBFTC COEFBB DEBUG

SUBROUTINE COEFBBIIM)

C

C COEFBB CALCULATES FINITE DIFFERENCE COEFFICIENTS, A, AND CONSTANTS, K

C ALONG ALL VERTICAL MESH LINES WHICH INTERSECT BLADES

C

COMMON /AUKRHO/ A(2500,4),U(2500),K(2500),RHO(2500)

COMMON /INP/GAM_ARITIPtRHOIPvWTFL,OMEGAIORF,BETAItBEIA[Jt

L MBI,MBOtMM,NBBI,NBLtNRSP,HR(50)tRMSP(50)tBESP|SO)t

2 BLDAT,AANDK,ERSOR,STRFNtSLCRDtINTVLtSURVL

COMMON /CALCON/MBIMItMBIPI,MBOMI_MBOPI,MMM[tHMItHT,_TLR,DMLRt

L PITCHtCP_EXPONtTWWtCPTIPvTGROGtTBItT8OILAMBDA_TWL,IIMINtITMAX,

2 NIP, IMS(2)_BV(2),MVI£OO),IV(IOI),ITVIIOOt2)_TV(tO(),2),

) DTDMVIIOOt2),BETAV(IOO,2),MHIIOOt2),DTDMHIIOO_2)_ETAH[£O0,2),

4 RMHILOO,2)IBEHI[OOt2)tRMI[OOI,BE(IOO),DBDMIIOO)t SAL(IOO)t

5 AAA([O0)

COMMUN /HRBAAK/H(4},R{4)_B(4)tKAK(4),KAI4),RZtBZtIH[4)

INTEGER BLDAT,AANDKtERSORtSTRFNtSLCROtSURVLjAATEMPtSURF,FIRST,

[ UPPERtSItST,SRW

REAL KmKAK,LAMBDA_LMAX,MH_MLE_MR_MSL,MSPtMVtMVIMI
IF(ITV(IMtlI.GT. IIVIIM, 2)) RETURN

ITVU = ITV(IMtII

IT = ITVU - !

[TVL = ITV(IM,2)

IPU = IPF(IM, ITVU)

IPL = IPU+ITVL-ITVU

DO 90 IP=IPU,IPL

IT = I[*[

CALL HRBIIM, Ir_IP}

DO LO I=[_4

KAKII) = O.

I0 KA(1) = 0

FIX HRB VALUES FOR CASES WHERE MESH LINES INTERSECT BLADES

60 IF(IT.EQ.ITVIIM, I)I CALL BDRYt2(I,IM, Ir)

IF(IT.EQ.ITV(IM,2)) CALL BDRYtZ(2,IMtIT)

ITVML = ITV(IM-[,I]

ITVPL = ITV{IM+I,I)

IF(IT.LT.ITVMI) CALL BDRY]4(3,1M_I)

IFIIT.LT°ITVPI) CALL BDRY34(4, IM,l)

IFiIT.GT.ITVIIM-It2)) CALL BDRY34(3tIM,2)

IF(IT.GT.ITV(IM÷L,2)) CALL BDRY3_(4tIMt2)

I0 [F(IM.EQ°MBO.AND°LOWER.EQ°2) GO TO 80

COMPUTE A AND K COEFFICIENTS

BO CALL AAKIIM,IP)

DO 90 ,=It4

K[IP) = K(IP)÷KAK(1)_AIIPtl)

90 IF(KA(I).EQ.I) A(IP,I) = O.

RETURN

COEFP CALCULATES FINITE DIFFERENCE COEFFICIENTS, At AND CONSTANTS, K,

ALONG ALL VERTICAL MESH lINES WHICH DO NO[ INTERSECT BLADES
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LO0

ENTRY £OEFPIIM)

ITVU = ITV(IM,I)
IT = ITVU-I

ITVL = ITV(IM,2)
IPL : IVIIM+I)-L

IPU = IVIIM)

DO LO0 IP=IPU,IPL
IT = ll*I

CALL HRB(IM,IT, IPI
IF (IT.EQ. ITVU) R{[I

IF |II.EQ. ITVL) R(2)
CALL AAK(IM, IP)

K{IPL} : KIIPL)÷AIIPL,2)

K(IPU) : KIIPU)-A(IPU,I)
RETUR_
END

= RHOIIPL)

= RHOIIPU)

$1BFIC HRH DEBUG

SUBROUTINE HRB(IMoITwlP)

HRB CALCULATES MESH SPACINGy H, DENSITIESt RZ AND R, AT GIVEN AND

ADJACENT POINTS_ AND STREAM SHEET IHICKNESSES, BZ AND B, AT GIVEN
AND ADJACENT POINTS

COMMON /AUKRHO/ A(250Ot4)tU(250O)tK(2500),RHO|2500)

CUMMON /CALCON/MB[MItMBIPItMBDMLtMBOPI,MMMI,HMI,HTtDTLR_DMLR_

I PITCH_CP,EXPONtTWWtSPTIPtIGROGtTBI,TBOtLAMBDA,TWL,ITMIN,ITMAX,
2 NIP, IMS(2},BVIZltMVIIOO),IV(IOII,ITVIIOO,21,TV(LOOt2I,

3 DTD_VILOO_2),BETAV(IOOt2ItMHIAOO_2),DTDMHIIOOt2),BEIAHILOOt2)t

RMH(IOO_2),_EHIIOOt2),RMI[OO)tBE(LOOI_DBDM(IO0)+ SA/llOO)t
5 AAA([OOI

COMMUN IHRBAAK/HI4)IRIk)tB(kI,KAK|4),KAI4I,RZIBZ_[H(4)

INTEGER BLDAT,AANDKtERSOR,STRF_,SLCRD,_URVL,AATEMP,SURF,FIRST,
I UPPERtSIvST,SRW

REAL KIKAK,LAMBDA,LMAXtMH_MLEtMRtMSL,MSP_MV,MVIMI
HiL}: HT*RM(IM)

HI2)= HT*RMIIM}

H(3)= MV(IM) - MV{IM-[)

HI4) : MV(IM+I)-MV(IM)
RZ : _HOIIP)

IP3 = IPFIIM-L,II)

IP4 = IPFIIM+I, II)
R(L) = RHO(IP-I)
R(2) = RHO(IP÷I)

R(3} = RHOIIP3)

R(4) : RHOIIP4)
BZ: 8EIIMI
B(3): HEtIM-t)

B(4}= BE(IM+I)
RETURN

END
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$1BFTC AAK DEBUG

SUBROUTINE AAKilMtlP)

C

C AAK CALCULATES FINITE DIFFERENCE COEFFICIENTS_ At AND CONSTANT, K,

C AT A SINGLE MESH POINT

C

COMMON IAUKRHO/ AI2500,4},U(250O),KI2500),RHOI2500)

COMMON /CALCON/MBIM[_MBIPItMBDMItMBOPItMMMItHMI,HT,DTLR,DMLRt

L PITCH, CPtEXPON,TWW,CPTIP,TGROG,TBItTBOvLAMBDA,TWLgITMINtITMAX_

2 NIP, IMSi2),BV(Z)tMVIIOO),IV{IOI),ITV{IOOt2ItTV(LOO,2)t

3 DTDMVIIOO,2)tBETAVIIOOt2),MHIIOO,2I,OTDMHIIOO,21,BETAH(IOO_2)_

4 RMH(XOOt2)tBEHItOO_2)tRMIXOO)tBEIIOO)tDBDMIIO0), SALIIOO|t

5 AAAIiO0)

COMMON /HRBAAK/H(4)tRI4)_BI4ItKAK(6),KA(4) ,RZtBZ,IH(4)

INTEGER BLDATtAANDKIERSDR,STRFN_SLCRDtSURVLtAATEMPtSURFtFIRST,

L UPPER_SI,STtSRW

REAL K,KAK,LAMBDAtLMAXtMH,MLE,MR,MSLtMSPtMV_MVIML

At2= Z./H(I)/H{2)

A34= 2./H(3)IH(4)

AZ= ALZ÷A3_

BL2= {_12)-RILI)IRLIIHIXI÷H(2||

B34= 4BI4)*R(4)-BII)*R|3))IBZIRZIIHI3)÷HI4))-SALIIM)/RM(IM|

A(IP,L) = 12.1HIL)÷BL2)/AZI(H(1)÷H(2))

A(IPpZ} = ALZ/AZ-AIIPtlI

A(IPt)) = (2./HI3)÷B3¢)/AZ/IH(])+H(4))

A¿IPt4) = A]4/AZ-A(IPt3)

K(IP) = -TWW*BZ*RZ*SAL(IM)/AZ

RETURN

END

$1BFTC BDRYI2 DEBUG

SUBROUTINE BDRYLZII,IM_IT)

C

L BDRYL2 CORRECTS VALUES COMPUTED BY HRB WHEN A VERTICAL MESH LINE

C INTERSECTS A BLADE

C

COMMON /CALCUNIMBIM[,M_IPI_MBOMItMBOPI,MMMI_HMI_HT,DTLR,DMLRt

I PITCH,CP,FXPON_TWW,CPTIPtIGROG_TBI,TBO,LAMBDAtTWLIITMIN, ITMAXt

2 NIP, IMS|2),BVI2),MVILOO),IVILOI),ITVIIOO,2),TV([OO,2),

3 DTDMVIIOO,Z),BETAV|IOO,Z},MHIIOO,2)tDTDMHIIOOtZI,BETAHIIOO,2|,

4 RMHIIOOt2I,BEHILOOt2)tRMIIOO)tBEIIOO|,DBDM(IO0), SAL(LOOIt

5 AAA(IO0)

COMMON IRHOSIRHOHB(IOO_2)_RHOVB|[OO_2I

COMMON IHRBAAKIH(4)tR(_)oB(4)tKAKI4)tKAI4)_RZtBZ_IHI_)

INTEGER BLDAT,AANDK_ERSOR,STRFN_SLCRD_SURVL_AATEMP,SURF_FIRST_

[ UPP_R_SL,ST,SRN

REAL K,KAKtLAMBDA,LMAX_MH,MLE_MR_MSL_MSP_MV_MVIMI

H(I) = ABS{FLOAT(IT)*HT-TVIIW, II)*RM(IM)

R(I}= RHOVB(IM, I)

KAK(I} = BV(1)

KAIII=L

RETURN

END
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$[BF[C BDRY 34 DEBUG

SUBROUTINE BDRY}4(I,IM, SURF)

C

C BDRY34 CORRECTS VALUES COMPUTED BY HRB WHEN A HORIZONTAL MESH LINE

C INTERSECTS A BLADE

C

COMMON /CALCON/MBIMIpMBIPI,MBOMItMB0P[,MMMJIHMI,HT,DTLRtDMLR,

I PITCHtCP,EXPONITWW_CPTIP,TGROGtTBI_TBO,LAMBDAvTWLtlTMIN,ITMAX,

2 NIP, IMS[2)tBV(2}tMV(IOO),IV|IOI),IIV(IOOt2),IV(iO0,2),

3 DTDMVIIOO,2),BETAV(IOO,2ItMH|LOO_2),DTDMH[IOO,2),BETAH(IO0,2),

4 RMH{IOO,2),BEHIIOOt2),RMIIOO)IBE(LOO),DBDM(IOO), SAL(IOO),

5 AAA(IO0)

COMMON /RHOS/RHOHB{IOOt2),RHOVB{IO0,2)

COMMON /HRBAAK/H{4),R[4),B(4),KAK{4)IKA{4),RZ,BZ,IH(4)

INTEGER BLDAT,AANDK,ERSOR,STRFM,SLCRD,SURVL,AATEMP,SURF,FIRST,

l UPPER,SI,ST, SRW

REAL K,KAK,LAMBDA,LMAX,MH,MLE,MR,MSL,MSP,MV,MVIMI

IH(SURFI=IH(SURFI+!

IHS=IH(SURF)

H(1):ABS(MV(IM)-MH(IHS, SURF))

R(I)=RHOHB[IHStSURF)

B(I)=BEH(IHS,SURF)

KAK(1) = BV(SURF)

KA([)=I

RETURN

END

$1_FTC SOR DEBUG

SUBRUUIINE SOR

C

C SOR SOLVES THE SET OF SIMULTANEOUS EQUATIONS FOR THE STREAM FUNCTION

C USING THE METHOD OF SUCCESSIVE OVER-RELAXATION

C

COMMON /AUKRHO/ A[ZSOO,4),U[250O),KIZSOO),RHO{2500)

COMMON /INP/GAM_ARtTIPTRHOIP_WTFLtDMEGA,ORF_BETAI,BETAO,

i MBI,MBO,MM,NBBI,NBL,NRSP,MR(50),RMSP(50),BESP(50),

2 BLDAT,AANDK,ERSOR,STRFN,SLCRD,INTVL,SURVL

COMMUN ICALCON/MBIMI,MBIPI,MBOML,MBOPI,MMMLtHMI,HT,DTLR,DMLR,

L PIT=H,CP,EXPON,TWW,CPTIPtTGROGtTBI,TBO,LAMBDA,TWL,[TMINtITMAX,

2 NIP, IMSI2),BV(2I,MVIIOOI,IVIIOI),ITVIIOO,2)ITV(IO0,2)_

) DTDMVILOO,2),BETAV(IOOt2),MH[IOOt2),DTDMH(IOO,2),3ETAH(IOO,2),

4 RMHIIOOt2)_BEH(IOO_2),RMIIO0),BE(IOO),DBDM{IOO), SAL|IOOI_

5 AAAILO0)

INTEGER BLDATtAANOK,ERSOR,STRFNtStCRDtSURVL_AATEMP,SURFtFIRST,

I UPPER,SI,ST, SRW

REAL K,KAK_LAMBDAtLMAX,MH,MLE,MR,MSL,MSP,MV,MVIMI

AATEMP = AANDK

IF (ORF.GE.2.) ORF=O.

IF(ORF.GT.I.) GO TO 50

ORF = I.

ORFUPT= 2.

40 ORFTEM=ORFOPI

LMAX= O.

50 IF[AATEMP.GT.O) WR[TE[6,1OLO}

ERRUR= O.

SOLVE MATRIX EQUATION BY SOR, OR CALCULATE OPTIMUM OVERRELAXATION

FACTOR
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IP = 0

DO 120 IM=ItMM

IPU : IV(IMI

IPL = IVIIM+I)-L

IT = ITVIIM,L)

IF(_A[EMPoGT.O} WR[rE (6_L020) IM_I[

DO 120 [P:IPU,IPL

IPI = {P-I

[P2 = IP+L

C CORRECT IPt AND IP2 ALONG PERIODIC BOUNDARIES

IF(IM°GE.MBI.AND.IM.LE.MBO} GO TO 60

IF{IT.EQ.ITV{IM, I}) IPL : IPI*_BBI

IFIIT.EQ.ITV(IM,2)) [P2 = IP2-NBBI

60 IT3 = If

IT4 = If

[00 IP3 = IPFIIM-I,[I])

IP4 = IPF(IM+I, IT41

IFIORF.GT.I.) GO IO IIO

C CALCULATF _EW ESTIMATE FOR LMAX

UNEW = _{IP,I}_U(IPII+A(IP,2)mU[IP2)+AI[PF3}_U{IP3)÷AIIPv4)_U|IP4)

IF (UNEW.LT.I.E-25) UIIP} : O.

IF (U(IP).EQ.O.) G_ rD It5

RATIU= UNEW/U(IP)

LMAX= AM&XIIRATIO,LMAX)

U(IP) : UNEW

GO TO It5

CALCULATE NEW ESTIMATE FOR STREAM FUNCTION RY SOR

I[O CHANGE = ORF*(K|IP)-U(IP)÷AIIPvI)_UIIPt)*AIIP,2I_UIIP2)*AI[P,3)_

I U([P))+A(IP,4)_UII#4))

ERROR: AMAXI(ERROR,ABS(CHANGE)!

U(IP) : U(IP)÷CHANGE

It5 IF(AATEMP.LE.O) GO TO I20

WRITE {6,t030) II,IPDIPItIP2,1P3_IP4tIAIIP,I),I:t,4ItKIIP)

t20 IT : IT+I

AAIEMP = 0

IF{URF.GT.I.) GO TO [30

ORFOPT= Z./(I.+SQRTIABS(I°-LMAX)))

WRITE(BtLO00| URFOPT

IF(GRFIEM-QRFOPT.GT..OOOOI.OR.ORFOPT.GI.I.999) GO TO 40

WRITE {BttOlO)

ORF = DRFOPT

GO TO 50

I30 IFIERSOR.GT.O) WRIIEIB, I06O) ERROR

IFIERRUR°GT..OOOOOL) GD TO 50

IF(STRFN.LE.O) RETURN

PRINT STRzAM FUNCTICN VALJES FOR THIS ITERATION

IP4 A{L) A(2)

WRITE {BpI050)

DO L40 IM=ItMM

IPU = IVIIMI

[PL = IVIIM+I)-I

ITVU = ITV(IM_I)

WRITE (6,[020) [M, ITVU

[60 WRITE (6_I060} (UIIP),IP=IPUtlPL|

RETURN

[000 FORMAT(24H ESTIMATED OPTIMUM ORF =,FB°6i

[OIO FORMAT I82H[ IT IP IPI [P2 IP3

L At3) A{4) K}

L020 FORMAT(SHKIM =tI4,6Xt6HITI = _14)

tO]O FORMATIIX_I4_SI6_SFIO.S)

IO_O FQRMATIOH ERROR :tF[[.8)

I050 FORMATILHLtLOXt22HSTREAM FUNCTION VALUES)

t06O FORMAT {2XtlOFI3.8)

lOlO FORMAT (IHI)

END
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$1BFTC SLAX DEBUG

SUBRGUIINE SLAX

C

C SLAX CALLS SUBROUIINES IO CALCULAIE RHO_W-SUB-M THROUGHOUT

C AND ON THE BLADE SURFACESt AND rO CALCULAIE AND PLOT THE

C STREAHLINE LOCATIONS

C

THE REGION

COMMON /AUKRHO/ A(250O,4|,U(2500),K(2500)_RHO(25001

COMMON /INP/GAMtAR,TIP,RHOIP,WTFL_OMEGA,ORF_BETAI,BEIAO,

I MBI,MBO,MMtNBBI,NBL,NRSP,MRISO)tRMSPISO)wBESPISOIt

2 BLDAT,AANDK,ERSOR,STRFN,SLCRD, INTVL,SURVL

COMMON /CALCON/MBIMI,M_IPI,M

I P[ESHtCPtEXPON,TWW_CPTIPt

2 N|P, IMS(2)tBV(2ttMV(IOO),

3 DTOMV(IOOtZ)_BETAV([OOt2)

4 RMH(IOO,2)tBEH(IOOt2),RM(

5 AAA([O0)

COMMO_ /SLA/TSL(6OO),UINT(6)

DIMENSION MSL([OO)pKKK(14),P

DIMENSION W(25OO),RWM{2500),

L XOO_N(4OO),YACR_S(400|

EQUIVALENCE (AIItI|,W(L)),(A

[ (AII_4ItWMB(t))t{A(ZOIt4)

2 (K(I),YACROS(t))

INTEGER BLDATtAANDK,ERSORtST

[ UPPERtSItST_SRW

REAL KtKAKtLAMBDAvLMAX_MHtML

DATA (KKK(J)tJ=4,I4,2)/6_LH=

BOMI,MBOPI,MMML,HMI,HTtDTLRtOMLR,

TGROG,TBI,TBO,LAMBDA,TWL,IIMIN, ITMAX,

IV(IOI)tITV(LOOt2),TVIIOOt2),

IMH(LOO_2)_DTOMH(IOO,2),BETAH(IOO,2)t

IOO),BE(IOO),OBOM(IO0), SALIIOO),

(4|

BETA(25OO),WMBI[OO,2)tWTB{IOOt2)t

(I,2),RWMIL)),(AIIt3)tBETA(I))_

vWTB(LI),(A(_OIt4),XDOWN(1)),

RFNtSLCRDtSURVLtAATEMP_SURFtFIRST,

E,MR_MSLtMSPtMV,MV|M[

/

CALL SLAVP AND SLAVBB THROUGHOUT THE REGION

ITVU= ITV(I,I}

ITVL: ITV(L_2)

DO iO IM:L,MBIM[

LO CALL SLAVP(IM,ITVU, ITVL)

DO 20 IM:MBItMBO

I: 0

20 CALL 3LAVBB(IM)

90 ITVU = ITV(MBOPI,[|

ITVL = IrV(MBOP[_2)

DO [00 IM=MBOPItMM

LO0 CALL SLAVP(IMpITVUwITVL)

PLOT STREAMLINES

IF (SLCRD.LE.O) RETURN

DO LEO IM:I,MM

liD MSL(IM) = MVIIMI

KKK(ll = 7

KKKÁ2) = 6

KKK(_) = MM

P(1) = I.

P(3) = O.

P(_) : O.

WRITE(5, LO00)

CALL PLOTMY(MSL_TSL_KKK,P)

WRIIEI6,[OIO)

RETURN

1000 FORMAT (2HPT_SOX,I6HSTREAMLINE

IOIO FORMAT |2HPL,4OX,TOHST_EAMLINES

IPAGE A_D M DOWN THE PAGE|

END

PLOTS

ARE

)

PLOTTED WITH THETA ACROSS THE

38



$1BFTC SLAV DEBUG

SUBROUTINE SLAV
C
C SLAV CALCULATES RHO*W-SUB-M TtlROUOHOUT THE REOION AND ON THE BLADE

C SURFACESt AND CALCULATES THE STREAMLINE LOCATIONS
C

C
C

C
C

COMMON SRW,ITER,IEND,LER(2),NER(2)

COMMON /AUKRHO/ AI25OO,_),U(2500),K(2500),RH0|2500)

COMMON /INP/GAM,AR, TIP_RHOIPtWIFL,UMEGAtORFtBETAI,BETAOt

[ MB[,MBOtMM,NBBI,NZL,NRSP_MR|50),RMSP(50),BESP(50)_

2 BLDATtAANDK,ERSOR,STRFN,SLCRDtINTVL,SURVL

COMMO_ /CALCON/MBIMI_MBIPI,MBOMLIMBOP[IMMMI,HMItHT,DTLR,DMLRp

I PITCH,CPtEXPON,TWW,CPTIP,IGROGtTBItlBO,LAMBDA,TWL,ITMIN,ITMAXl

2 NIP, IMS(Z)tBVI2ItMVIIOO)_IV4[OL),ITVIIOOp2)tTViLO0,21,

3 DTO_VI[OOtZ),BETAVIIOOt2)_MHIIOO_2)_DTDMH(LOO,2),BETAH(LOOt2)_

4 RMHIIOOw2)_BEH(IOOt2}tRM|IOO)_BE(EOO)tDBDM(IOOJt SALIIOOIt

5 AAA(IOO)

COMMON /SLA/TSL(6OD),UINT(6I

DIMENSION TSPIbO),USPI50),DUDT(50)_TINI(6!

DIMENSION WI2500)_RWMI2500}tBETAI2500),WMBiLOOt2)_WTBilOOv2)t

1 XDUWN(4OO)pYACROS(400)

EQUIVALENCE (AII,I)tWIL)),IAII_2),RWM(1))t(AIL_3)_EIA|i)I,

[ IAIIt4)tWMBII))_|AiZOIt4)tWTBII))tIAI4OL_4),XDOWN(1))t

2 IKII),YACROSIL))

INTEGER BLDAT_AANDKtERSORtSTRFNtSLCRD_SURVLtAATEMP,SURFtFIRSTt

I UPPER,SltSTpSRW

REAL KtKAKtLAMBDAtLMAXtMHtMLE_MRtMSLtMSPtMV_MVIML

SLAVP CALCULATES ALONG VERTICAL MESH LINES WHICH DO NOT

INTERSECT BLADES

LO

2O

ENTRY SLAVP(IM_IIVU_ITVL)

LOC= 0

NSP= ITVL-ITVU+2

IP = IVilM)-I

DO [O IT=I_NSP

IP = IP+I

TSPIIT) : FLDATIIT*ITVU-I)*HT

USPIIT)= U(IP}

USP(NSP} = USP(|)¢I.

IP = IV(IM)

INIU = INTIU(IP)*5.)

IF (UIIP).GT.O.} I_TU=INTU+L

DO 20 J:l_5
UlNT(J) = FLOATIINTU)/5.

INTU = INTU+I
UINTI6) : UINT{I)

GO TO IO0

SLAVBB CALCULATES ALONG VERTICAL MESHLINES WHICH INTERSECT BLADES
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C

C

C

C

ENTRY SLAVBB(IM)

LOC= I

ITVUPL = IIV(IM, L)

ITVLML = ITV(IM,2}
ITVU = ITVUPL-I

ITVL = ITVLMX+X

NSP = [TVL-ITVU+L

[SP|[) = [V(IM, I)

TSPINSP) = TV(IM,2)

USP(1) : BV(1)

USP(NSP) = BV(2)

IP : IV|(M)-!

NSPMI = _SP-I

IFI2.GI.NSPMI) GO [0 70

00 60 I[=2,_SPMI

IP = IP_l

TSP{I[) : FLOAT( IT+ITVU-I)_HI

60 USP(IT) = U(IP)

70 00 80 [=I,6

BU UINT(1) : FLOAT{I-|)IS.

FOR BOTH SLAVP AND SLAVBBt CALCULATE RHO*W-SUB-M IN THE REGIONt AND
RHO*W AT VERTICAL MESH LI_E INTERSECTIONS ON [HE BLADE SURFACES

I00 CALL SPLINE(TSP,USP,NSP,DUDT,AAA)

IT = LUC

IPU = [VIIM)

IPL = IVIIM+I)-I

DO iLO IP=IPU,IPL

IT = IT÷l

II0 RWM(IP) = DUDT(IT)#WTFL/BEIIM)/RM{IM)

120 IF (LOC.EQ.O) GO TO [30

WMB(IM, IJ =DUD[{ I)_WTFL/BEIIM}/RMIIM)

WMBIIM,2) = DUDTINSP)*WTFL/BE{IM)/RM{IM)

RMDTU2 = (RM(IM}*DTDMV(IM,I))*_2

RMDTL2 = (RM(IM)_DTDMV(IM,2))#_2

IF (RMDTUZ.GT.IO000.) WMB(IM,[) = O.

IF {RMDTLZ.GT.IO000.) WMB(IM,2) = O.

WMB{IM, I) = ABS(WMB(IM, L))_SQRT(I.+RMDTU2)

WMB(IM,2) = ABS(WMB(IM,2})#SQRTII.+RMDTL2)

130 IF (SLCRD.LE.O) RETURN

N( = 6

CALL SPLINT(USP,ISP,NSP,UINT,NI,TINT,AAA)

00 140 J=i,6

L= (J-LI_MM÷IM

}40 TSLiL)= TINT(J)

IF {IM.EQ.I) WRITE(6,1000)

WRITE(b,IOIO) MV{IM),(UINT{J)tTINT(J),J=L,6)
RETURN

}000 FORMAT(LHI/30X,22HSTRE_MLINE COORDINATES/L7HL

[ 3(7X,[OHSTREAM FN.,IOX,SHTHETA,4X)//)
IO[O FORMA[{[Xt7GI8.7/([QX,6GIS.7))

END

M COORD[NATE_
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$IBFTC TA,_G DECK

SUPRCUTINE TANG

C

C TANG CALCUI. ATES RHO*W-SUII-TI4ETA AND THEN RHO*W THRGUGVCUT THE REGION

C A_D UN rhF BLADE SUP, FACES, AND CALCULATES THE VELOCITY ANGLE, BETA,
C THROUGhCUI Tt4E REGICN
C

C
C
C

COMMCN SRW,ITER, IFND,LER(2),NERI2)

COWMCN /AUK_HO/ AIZSOO,4),U|2500),KI2500},RHO|2500)

COMMUN /INPIGAM,AR,TIP,RHOIP,WTFL,OMEGA,ORF,BETAI,_ETAO,

[ MBI,MB_,MM,NB_I,NBL,NRSPtMR(5OI,RMSP(50),BESP(SC),

2 BLDAr,AANDK,ERSOR,STRFN,SLCRD,INTVL,SURVL

COMMCN /CALCON/M_IMI,MBIPI,MBOMI,MBOPI,,MMML,HMI,HT,DTLR,DMLR,

[ PITCH,CP,EXPON,TWW,CPTIP, TGROG,TBI,TBO,L_MBDA,TWL,ITMIN,ITMAX,

Z NIP, IMS(2),BVI2),MVIIOOI,IV|IOI),ITVIIOO,2),TV(IO0,2),

3 CTDMV(IOO,ZI,BETAV(IOO,2),MHI[OO,2),DTOMHIIOO,2),RETAHI[O0,2),

4 RM_IIOO,2},F_EFIIOO,2},RMIIOO),BE(IOOI,DBDm{IO0), SALIIO0),
5 AAA(I_O)

DIMENSION SPM(IOC),USP(IOO),OUDMIiO0)

DIMENSION W(2500),'_WMI2500),BETA(2500),WMB(IOO,2),WTB(IO0,2),

i XI_ONN(4OO),YACR(JS(400)

EQUIVALENCE IA{L,I),WI[)),IA(I,2),RWMII)),IA(I,3},PETA(I)),

I (AII,q),WMB(II),IAI2OI,4},WTBIII),IAI40_,4),XDO_N(1)),

2 (K(1),YACROS(I))

INTEGER RLDAT,AANOK,_RSOR,STRFN,SLC_D,SURVL,AATEMP, SURF,FIRST,
[ bPPER,SI,ST,SRW

REAL K,KAK,LAMBD_,LMAX,MH,MLE,MR,MSL,MSP,MV,MVIMI

EXTERNAL t_LI,BLZ

PERFORM CALCUI.ATIONS ALONG ONE HORIZONTAL LINE AT A TImE

IT = ITMIN

lO IF (IT.GT.ITMAX) RFTURN

SI = 0

ON THE GIVEN HORIZONTAL MESH LINE, FIND A FIRST POINT IN THE REGION

2O

IF(IT.OE.O.AND. IT.LT.NBBI) OD TO 60
IN = Mf_IMI

IM= IM+I

IF(IW.GT.MBO) GO TU 200

SUrF = i

IF{IT.GE.ITVIIM, I).AND. IT.LT.ITV(IM-I,I)) GC. TO 70

IF(IM.EQ.MBOPI.AND. IT.EO. ITVIMBO,I)-I.AND. ITV(MBO,I)-ITV(MBO,2)
I +NB_I.EQ.2) GC It) 70

SURF = 2

IF(IT.LE.ITVIIM, 2).AND. IT.CT.ITVIIM-1,2)) GO TO 70

GO TG 2U

FIRST PCINT IS ON BCUNDARY A-H

6U IMI= i

IM : I

SPW(1) = MV(I)

USP (I) = U(IT+I)

41



GO FC 9O

FIRST PCINT IS ON A BLADE SURFACE

7U SI = SURF

IM} = IP-I

IM2 = IW

TH = FLOATIIT}:_HT

MVIM[ = MVIINI}

IF (IM.EQ.MBIPI} MVIMI = W,VIMItIMVIIMZI-MVIMII/IO00.

LER{2} = 5

BLCC (VIA ROOT} CALL NO. 5

IF{SI.FO. L.AND. IPI.NE.MBO)CALL ROOTINVINL,MVI IM2JtTH,BLItDTLRt

i ANS, A_A)

LE_(2) = 6

BLCC {VIA ROOT} CALL NO. 6

IF{SI.EQ.Z)CALL ROUT (MVI MI ,MVI IM2 ) , TH,BL2,DTLR, ANS, _AA}

IFiSI.EO.I.AND. IMI.EQ.MBO} ANS = MVIMBO}

SPW( I_l } = ANS

USP( IMI}= BV(SI}

MOVE ALONG HORIZONTAL MESH LINE UNTIL MESII LINE INTERSECTS BOUNDARY

90 IF{IW.LT.MBI.O_!.IM.GT.MBU} GU TO 120

SURF = I

IFilT.LT.ITV(IM_SURF}.AND.IT.GF.ITV(IM-ITSURF}) GO TO 14,0

SUrF = 2

IF(IT.OT.ITV( IMtSURF}.AND. IT.LE.ITV(IM-I,SURF}) oC TO I40

120 SPN{ IM} = MV{ IM)

IP = IPFIIM_IT)

USP{ IN} = LJ{ Ip)

IF ( IN'.FC.MM} OO TF_ 130

IM= IM+I

GO TO 90

FINAL POINT IS ON PO_;NOARY D-F

130 IMT = MN

GO rE 150

FINAL PCINT IS ON A BLADE SURFACE

Iz_O ST = SI.JRF

INT: IM

IMTNI= I_T-I

TH = FLO!T( IT}_HT

MVI_'I = _V( I_T_/ }

IF (IMTPI.EQ.MBI } HVIMi = NVIMI+[MVIIM2}-MVIM. I}/IO00.

LEt,_{2} : 7

BLCC IVI4 RO{IT} CALL NO. 7

IF [ST. EQ. I.ANO. I NT.NE.MB I )CALL ROOTI MVI MI, _"V I IMT ) , TH,BLI,

I CTLR, ANS,A_A)

LERI2} = 8

BLCC (Via ROOT} CALL NO. 8

IF (ST.E{,_.Z}CALL _Ofll (MV IMI ,MV( I _T ) , TH,BLZ,r}TLR, ANS _ AAA }

IF[ST.EO.I.ANO. IYT.EQ.MBI) ANS = MVIMBI)
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SPN([NT) = ANS

USP(IN[): RVIST)

CALCULATE RPLI#W-SUB-THETA AN[) THEN RHO¢N AND BETA IN TI4F REGION

t50 NSP= II'.f-fMl+[

CALL SPLINF_(SPM( I._!L),USP(IF!I),NSP,OUDMIINt),&AA(IVt))

FIRSI=I

IF (INI.NE.I) FI_ST=IM2

LAST= F',P

IF (IIVI.NE.Nt.}) L_ST=INTP_I

IF (FIRST.Or. LAST) O0 TO L[O

DO t&O I=FI_SF,LAS[

RWT = -DUON( I )_:_,rfFI /BE( [ )

IP = [PF(I,[TI

W(IP) : S0_TIRWT_2+RWM(IP)_2)

[60 BETA(IP) = ATAN2(RNT,RWN(IP))_57.29577_9

CALCULATE RHL;_W Of_ IHF BLADE SURFACES

L7(3 IF (INI.FO.t) qF3 f(] [80

CALL STARCH (SPM(IML),SI,IHS)

ANS = -DLJDN( Ibtl ) W_WTFL/BEH( IHSt S[ )

WT_(IHS,SI) = ABS{ANS)_SQRT(t.+I./(RMH(IHS_SII_DTD/_I-(IHStSX))#_2)

tSO ]F(IPI._C.MM) GO TO 200

CALL S[AP CH (SPM(I_41),ST,IHS)

ANS = -0U[_tl( IPT)_WTFL/BEH{ INS,ST}

WTE'(IhL_,ST) = A[IS(ANS)_SORF(L..I./(RIVH(IHS,ST)_DTDrvF(IHS,ST))_2)

190 GO fL 2(J

200 IT : If÷t

GO TL tO

ENE

$IBFTC SEARCH DEBUG

SUBROUTINE SEARCH (DISTtSURFtIS)

SEARCH LOCATES THE POSITION OF A GIVEN VALUE OF M IN THE MH ARRAY

COMMON ICALCON/MBIMItMBIPXtMBOMLtMBOPXtMMMXtHMI_HT_OTLRtDMLR_

t PITCH,CPtEXPONtTWWtCPTIPITGROGITBItTBOILAMBDAtTWLtITMIN_ITMAX_

2 NIP_IMSI2)tBVI2ItMVIIOOI_IVItOII_ITVIIOO_2ItTV(tOO_2)_

3 DTDNVIIOO_2)tBETAVIXOO_2)_MHIXOOe2ItDTDMHIIO0t21_BETAHI[OO_2)_

6 RMHIIOO,2IeBEHILOOeZItRMIIOO)_BE(IOO),DBDM|IO0), SAL(IOO),

5 AAA(IOO)

INTEGER BLOATtAANOK_ERSORtSTRFN,SLCRD_SURVL_AATENPtSURFtFIRST_

1 UPPER_SleSTtSRW

REAL K_KAK_LAMBOAtLMAXtMHtMLEtMRtMSL_MSP_MV_MVIMX

DO lO l'ltlO0

IF |ABSIMH|I_SURF)-DIST).GT.DMLR) GO TO 10

IS = I

RETURN

lO CONTINUE

WRITE (6,1000) DIST_SURF

STOP

1000 FORMAT (38HL SEARCH CANNOT FIND M IN THE MH ARRAY/TH DIST =tGt6.6_

IIOX_6HSURF =_GI#.6I

END
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$IBFTC VELOCY DEBUG

SUBROUTINE VELDCY

C

C VELOCY CALLS SUBROUTINES TO CALCULATE DENSITIES AND VELOCITIES

C THROUGHOUT THE REGION AND ON THE BLADE SURFACESt AND IT PLOTS
C THE SURFACE VELOCITIES
C

COMMO_ IAUKRHOI AI2500,41tU{2500)_K(2500),RHO|2500)

COMMON /INP/GAMtAR,TIPtRHOIPtWTFL,OMEGA_ORFtBETAI_BETAO_

[ MBI,MBO,MM,NBBI_NBLpNRSP,MRI50)tRMSPI50}_BESP(50),

2 BLDAT_AANDK,ERSOR_STRFNtSLCRDIINTVLtSURVL

COMMON /CALCON/MBIMI_MBIPI_MBOMI_MBOPItMMMItHMI_HT_DTLRtDMLRt

L PITCHtCPtEXPONtTWW_CPTIPtTGROG_TBItTBO,LAMBDAtTWL,ITMINtITMAXt

2 NIP, IMS{2)tBV|2ItMV(IOO),IViLOtI,ITVIIOOt2}tTVIIO0_21,

3 DTDMVIIOOt2),BEIAVILOOtZI,MH(IOOtZI_DTDMHIIOOt2)IBETAHIIOOv2It

4 RMHIIOO_2}tBEH(IOOtZ)tRMIIOOItBEIIOO}tDBDM(IO01, SALIIOOI_
5 AAA(LOO)

DIMENSION KKK{[8)

DIMENSIUN W(2500)eRWM{2500)tBETA(2500ItWMB(IOOt2)tWTB[IOOt2)t

I XDO_N{4OO),YACROS(400)

EQUIVALENCE IAIItl)tWI[IIt(A(It2ItRWM(I|),(A(It3}tBETA(I|)t
I (AIIT4)_WMB(I}It(A{2OIt4),WTB{I)|_{AI_OIt4)_XDOWN(1)|_

2 (K(I|,YACROS(1))

INTEGER BLDAT,AANDKtERSOR,STRFN_SLCRD_SURVL,AATEMP,SURF_FIRST,

[ UPPER_SL,ST_SRW

REAL K,KAK_LAMBDA,LMAX,MH_MLE_MR_MSL_MSP,MV_MVIML

DATA KKKI4}/LH*I_KKK(6)IIHOI_KKK(B)I[H+I_KKKIIO)ILHXI

CALL VELP, VELBB, AND VELSUR THRDOGHOUT THE KEG|ON

2O

CALL VELP([_MBIM[)

CALL VELBB(MBI,MBO)

CALL VELP(MBOPI_MMI

CALL VELSUR

PREPARE INPUT ARRAYS FOR PLOT OF VELOCITIES

IF(SURVL.LE.O) RETURN

NP2 = O

TANGENTIAL COMPONENTS

DO 5U SURF:I,2

NPL = NP2

IMSS = IMS(SURF)

IF(IMSSoLT.I) GO T[] 40

DO 30 IHS=I,IMSS
IF iABS(DTDMHilHS_SURFI*RMH|IHS_SURF)).LT..S7735)
NPI = WPI+I

YACROS(NPI) = WTB(IHS,SURF)

XDOW_|WPl} = MH(IHS,SURF)
30 CONTINUE-

40 KKK(ZtSURF÷I) = NP[-NP2

GO TO 30
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50 NP2 : NP1

MERIDIONAL COMPONENTS

DO BO SURF=It2
NPI = _P2

DO 60 IM=MBIPI,MBOM[

IF (ABSIDTDMV(IM,SURF}_RM(IM)).GT.I.7321) GO TO 60

NPI : _Pl+l

YACROSINPI) = WMB(IM,SURF)

XDOWN(NP1) = MV(IM)

60 CONTINJE

?0 KKK(2_SURF+5) = NP{-_P2

BO NP2 = NP1

PLOT VELOCITIES

KKK(1) = 1
KKK(2) = 4

P = 5.

WRITE(6_IO00)

CALL PLOTMYIXDOWNIYACROS_KKKwP)

WRIIE(61[OIO)

RETURN

lOO0 FORMATI2HPT,50X,24HBLADE SURFACE VELOCITIES)

lOlO FORMAT (2HPLtBTX,63HVELOCITY(W) VS. MERIDI_NAL STREAMLINE DISTANCE

l|M) DOWN THE PAGE /2HPL/

2 2MPL,5OX,SOH+ - BLADE SURFACE I, BASED ON MERID[ONAL COMPONENT/

2HPL,5OX,5OH_ - BLADE SURFACE I, BASED ON TANGENTIAL COMPONENT/

4 2HPL,5OX,5OHX - BLADE SURFACE 2t BASED ON MERIDIONAL COMPONENT/

5 2HPL,5OX,5OHO - BLADE SURFACE 2, BASED ON TANGENTIAL COMPONENT)

END
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$1BFTC VEL DEBUG

C
C
C
C

SUBROUTINE VEL

VEL CALCULATES DENSITIES AND VELOCITIES FROM THE PRODUCT OF

DENSITY TIMES VELOCITY

COMMON SRW_ITER, IENDtLER(2)tNER(2)

COMMUN /AUKRHO/ A(2500,4),U(2500),K(2500}_RHD(2500)

COMMGN /INP/GAMvARpTIPtRHOIP_WTFLvOMEGAtORF_BETAItBETAO_

I MBIoMBOtMM_NBBIwNBLtNRSPtMR[50)_RMSP(50)tBESP(50)_

Z BLDAT_AANDKyERSOR_STRFN_SLCRDtINTVL_SURVL

COMMON /CALCONIMBIMItMBIPItMBDMItMBOPI,MMMItHMIwHT_DTLR_DMLRt

I PITCH,CP_EXPONprWWt_PTIP,TGROG,TBItTBO,LAMBDAtTWL,ITMINtITMAXt

Z NIPIIMS{2)tBVI2)vMVIIOO)tlV(IOI)wITV{LOO_2)vTV(LOOt2)t

DTDMVIIOO,2),BETAV(LOO,2I,MHIIOOt2)tDTOMH(IOO_2)tBETAH(IO0_2)_

4 RMHIIOOt2)tBEHIIOO_2)tRMIIOD)tBE(LOO)_DBDMIIO_]_ SAL(IOO)t

5 AAA(IO0)

COMMON IRHOSIRHDHB(IOO,2),RHOVB(LOOt2)

DIMENSION WWCRM(IOOt2),WWCRT{IOO,2|_SURFL(LO0,2)

DIMENSION W(2500)tRWM(2500],BETA(2500)tWMB(IOOt2)TWTB{IOOt2]t

I XDO_N(4OO),YACROSI400)

EQUIVALENCE (A[I_L),W(1))t(A(I_2)vRWM{L))m(A[L_3)tBFTA{I))p

I [A(I,4),WMB(1))IIA(2OIt4),WTB(1))IIA{4OLt_)_XDOWN(I))t

2 (K(I),YACROS{I))

VELP CALCJLATES ALONG VERTICAL MESH LINES WHICH DO NOT

INTERSECT BLADES

ENTRY VELP(FIRST,LAST)

INTEGER RLDAT_AANDK_ERSOR_STRFN_SLCRD,SURVL_AATEMP_SURF_FIRST_

L UPPER_SL_ST_SRW

REAL K_KAK_LAMBDA_LMAX_MH_MLE_MR_MSL_MSP_MV_MVIML

IF{FIRST.GT.LAST) RETURN

IF {FIRST.EQ.L.AND. INTVL.GT.O) WRITE(6_[O00}

IF (FIRST.EQ.L) RELER = °0

DO 20 IM=FIRST_LAST

IPU = IV(IM)

IPL = IPU+NBSI-L
TWLMR = 2**OMEGA*LAMBDA-(OMEGA*RM(IM))**2

LERI1)=_

DO LO IP=IPU_IPL

DENSIY CALL NO.

CALL DE_STY(W(IP)_RHO|IP)_ANS_IWLMR_CP[IP_EXPON_RHOIP_GAM_AR_TIP)

TO W(IP) = ANS

IF {INTVL.LE.O) GO TO 20

WRITE (6_LOLO) IM,(WIIP|,BETA(IP),IP=IPU,IPL)

2O CONTINUE

RETURN

VELBB CALCULATES ALONG VERTICAL MESH LINES WHICH INTERSECT BLADES
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C

C

C
C
C

ENTRY VELBBIFIRST_LAST)
IF(FIRST.GT.LASTI _ETURN

IF iFIRST.NE.MBI) GO I3 30

SURFLiMBItl) = O.

SURFLIMBIt2) = O.

30 DO 70 [M:FIRSTtLAST

ITVU = ITV(IMtI)

ITVL = ITV(IMt2)

IPUP[ : IPF(IM_ITVU)

IPLML = IPFiIM, ITVL)

TWLMR = 2._OMEGA_LAMBDA-(OMEGA_RM(IM))_2

WCR = SQRT(TGROG_TIP_(L°-TWLMR/CPTIP))

IF {IrVL.LT.ITVU} _0 TO 50

ALONG THE LINE BETWEEN BLADES

LER(1)=5

DO 40 IP=IPUPItlPLMI

DENSTY CALL NO. 5

40

ON
50

I
60

I

CALL DENSTY(WMBIIMp21v_HOVBIIMt2IIANS_IWLMR_CPTIPtEXPONtRHOIP_

[ GAMtARtTIP)

WMB(IM_2) = ANS

WWCRM(IM,2) = WMB(IM_2)/WCR

IF(IM.EQ.MBI) GO TO 70

DELTV = TV(IM-It2)-TV(IMt2)

SURFL(IM,2) : SURFL{IM-[t2I÷SQRT((MV([M)-MV(IM-I))**2÷
l (DELTVt|RM(IM|÷RM(IM-[))/2.)*_2!

70 RELER : _MAXI(RELE_tABSIIRHOB-RHOVB(IM_2|IIRHOVBIIMt2I))

REIURi_

CALL DENSTY(W(IPItRHO|IP)tANStTWLMR_CPTIP,EXPON_RHOIPtGAM,AR_TIPI

W(IP) = ANS

IF (INIVL.LE°OI GO TO 50

WRITE |6tlOlO) IMtIW(IP),BETA(IP),IP:IPUPI_IPLMI)

THE UPPER SURFACE

RHOB : RHOVB(IM, I)

LER(L)=6

DENSTY CALL NO. 6

CALL DENSTY(WMB( IMtl)_RHOVB(IM_I)_ANStTWLMR_CPTIP_EXPONtRHOIP,

GAM, AR_TIP)

WMB(IMt[) = ANS

WWCRM(IMtI) : WMB([Mp[)/WCR
IFIIM.EQ.MBI) GO TO 60

DELTV = TVIIM-I_I)-TVIIM,[|

SURFL(IM,I) = SURFL{IM-L,I)+SORT(IMV|IM)-MV(IM-I)):*2*

(DELTV_(RM(IMI+RM(IM-I))/2.)**2)

RELER = AMAXI(RELERtABS|{RHOB-RHOVB(IM,[))/RHOVB(IN_[))Á

THE LOWER SURFACE

RHOB = RHOVB(IM_2)

LER([):7

DENSTY CALL NO.

VELSUR CALCULATES ALONG A BLADE SURFACE

ENTRY VELSUR

DO 90 SURF=I_2
IMSS : IMS(SURF)

IF(IMSS.EQ.O) GO TO

DO 80 IHS=I,IMSS

_0
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C

C

C

TWLMR : 2.*OMEGA*LAMBDA-(OMEGA_RMH(IHStSURF))_2

WCK = SQRT(TGROG_TIP_(I.-TWLMR/CPTIP))

RHOB = RHOHB(IHS,SURF)

LER(LI=8
DENSTY CALL NO. 8

CALL DENSTY(WTB(IHS_SURF)_RHOHB(IHS,SURF),ANS_TWLMR,CPTIPt

I EXPON,RHOIP, GAM_ARtTIP)
WTB(IHSpSURF) = ANS

WWCRI(IHStSURF) = WTB(IHS,SURF)/WCR

80 RELER = AMAXI(RELER,ABS((RHDB-RHOHBIIHS,SURFI}/RHOHBIIHS,SURF)))
gO CONTINUE

IF (RELER.LT..OOL) IEND = IEND÷I

WRITE(@,LO80) ITER,RELER

WRITE ALL BLADE SURFACE VELOCITIES

IF (SURVL.LE.O) RETURN

WRITE(6,{020)

WRLTE(6II040) (MV(IM)tWMB(IM_I)mBETAV(IM,L)tSURFLIIMtl)t

l WWCRMIIM,L)tWMB(IM,2)tBETAV(IM_2)tSURFL(IMt2)tWWCRM(IMt2)t
2 IM:MBItMBD)

WRITE(6,X05O)

DO I00 SURF=It2
IMSS = IMS(SURF)

IF(IMSS.LT.L} GO TO lO0

WRITE(6,[060) SURF

WRITE{6,[O/O) (MH(IHStSURF}tWTB(IHS_SURFI,BETAH(IHS,SURF)t

L WWCRI(IHS,SURF), IHS:I,IMSS|
100 CONTI_JE

RETURN

[OOO FORMAT(XHI/40X,34HVELOCITIES AT INIERIUR MESH POINTS )

[DID FORMAI(IHL,3HIM:,I3,5(24H VELOCITY ANGLE(DEGI)/

L(SXtS(GIS.AtFg. 2)))

[020 FORMAT(IHI/I6X, IH_,[BXt49HSURFACE VELOCITIES BASED ON MERIDIONAL C

[OMPONE_TStAOX,LH_/I6X,[H=_5_Xp[H*,53X, LH=I[6XplH_LgXvISHBLADE SUR

2FACE I,[9X,[H*,2OX,L5HBLADE SURFACE 2,[8X, LH=/IX,IHMtBX_[H#_2(3X,
38HVELO_ITYt)X_23HA_GLE(DEG) SURF. LENGTHtSXISHW/WCR,6X,[H$))

L040 FORMA[{(LH ,GI3.4_3H _,2(GI2.4,Fg.2,2GIS.At)H _)))

[050 FORMAI(LHI/3X,AQHSU_FACE VELOCITIES BASED ON TANGENTIAL COMPONENTS
L )

1060 FORMAT(//22X,L5HBLADE SURFACE _II/TXtIHMtLOXt8HVELOCITY_3X,LOHANG

LLE(_EG)_X_SHW/WCR)

[0/0 FORMAI([H _2G[3.4_Fg.2tG[5.4)

LOB0 FORMAT(tAHLITERAIIDN ND.,13,3X,36HMAXIMUM RELATIVE CHANGE IN DENS[

ITY =,GLL._!
END
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$1BFTC SPLINE DEBUG

SUBROUIINE SPLICE (XwYtNvSLOPEvEM)
C

C SPLINE CALCULATES FIRS[ A_D SECOND DERIVATIVES AT SPLINE POINTS

C END CONOIIION - SECOND DERIVATIVES ARE THE SAME AT END POINT AND

C ADJACENt POINT

C

COMMON Q/BOX/SIIOO),AIIOO),B|LOO),C(IOO)tF|LO0) _W(LOO),$B(tO0),

[ G(200)

DIMENSION XIN),YIN),EM(N),SLOPEIN}

INfEGER Q

DO LO I=2,N

LO S(II=X(1)-X(I-L)

NO=N-L
IF(NO.Lr.2) GO ro 30

DO 20 l=2vNO
A([I=SII)I6.
B(II=ISI[I*SII+L))I].
C|I)=SII*I)/6.

20 FII)=(YII÷II-YII)IISII*I)-(YIII-YII-LI)ISII)

3U A(N) = -.5

BIII=t.

BINi=L.

C(tl = -.5
F(I)=O.

F(N)=O.

W(I)=BI[)

SBIII=CILI/W|L)

G(L)=O.

00 40 l:2tN
W|II=B(II-A(I}*SB|I-[I

SB(1)=CII)IWII!

_0 G(II={FJII-A|I)*GII-I)IIW(1)

EM(N)=a(N)

DO 50 I=2,N

K=N÷[-I
50 EM(K)=GIK)-SBIK)*EM(K÷II

SLOPE(t)=-SI2}/6.*|2.*EM(L)÷EMI2))*IYi2)-YIL))/S|2)

DO 60 I=2,N

60 SLOPEil)=S(I)I6.*I2.*EMII)+EMII-LII*IY(II-Y(I-I))IS(1)

IF IQ.EQ.L3) WRITEI6,LO00) N,IXil),Y(II,SLOPEII)tEMII),I=LtN)

RETURN

FORMAt |2XttSHND. ]F POINTS =,I)IIOXtLHXtIgXtIHY_LgXtSHSLOPEtL5X,

I2HEM/|_F20.8))

END

tO00
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$18FIC SPLINT DEBUG

C

C

C

C

C

C

SUBRQUTINE SPLINT (X_Y,NtZtMAXtYINTtDYDX)

SPLINT CALCULATES INTERPOLATED POINTS AND DERIVATIVES

FOR A SPLINE CURVE

END CONDITION - SECOND DERIVATIVES ARE THE SAME AT END POINT AND

ADJACENT POINT

COMMON QIBOX/S(IOO),AIIOOItBIIOO)tCIIOO)pFIIOO}tW([OO),SB|IOO),
[ GIIOOItEM([O0)

DIMENSION X{N)_Y(N)tZ|MAX),YINT(MAX),DYOX(MAX)
INTEGER Q
IF{MAX.LE.O) RETUR_

Ill = g

DO IO I=2,N
IO S(I}=XII)-X{I-I)

NO=N-I

IF(NO.LT.2) GO TO 30

DO 20 I=2,NO

AII)=$(1)/6.0

8(1)=(SII|_S(I÷I))I3.0

C(II=S(I_I)/6.0

20 FII)=IY(I÷I)-Y(1))ISII*L}-IY(1)-YII-I))/S(II
30 AIN) = -.5

Bll):I.O

B(N)=I.O

C(1) = -.5

FI|)=O.O

F(N)=O.O

W(I}=BII|

SBII)=CII)/W(I}

G(L)=O.O

DO 40 l=2tN

W(II=B(1)-A(I}*SBII-[)

SB(1)=CII)/W{II

40 G(1)=(F(1)-AII)*G(I-I))/Wil)

EMIN)=&(N)

DO 50 I=2tN

K=N+L-I

50 EM(K)=G{K)-SBIKI_EM{K÷L)
DO I_O I:I,MAX
K=2

IFIZ(I}-X(1)) (Ot60,DO
60 YINT(1)=Y(1)

GO TO 130

70 IFIZ(i).GE.(1.I*XII)-.I_X(2))) GO TO 120
WRITE (6, I000} Z{I)
O = [6
GO TO 120

80 K=N

IF(Z(II.LE.(I.L_XIN)-.t*X(N-[))) GO TO 120
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WRITE (6,1000) Z(1)

Q = 16

GO IU 120

90 IF[Z([)-XIK)) 120,I00,[I0

[00 YINT(I)=Y[K)

GO [0 130

[I0 K=K+t

IF(K-N} 90+90,80
[20 YINT(I) = EM|K-[)*(X(K)-ZII))#*3/6./SIK)÷EM(K)*(Z(I}-X(K-I))**3/6.

I/S(K)+(YIK}/S(K)-EM(K}*SIK)/6.)*(Z(I)-X{K-II)+(YIK-I)/S(K)-EM{K-I}

2_S(KI/6.)*IX(K)-Z(1))

L30 DYUXII)=-EM(K-I}*IX(KI-Z(1))**2/2.0/S(K)+EMIK)*(X{K-II-Z(IIÁ**2/2.

IO/S(K)+{Y(K}-YIK-I})/S(K)-IEM(KI-EM(K-I))#SIK)/6.0

140 CONTINUE

MXA = MAXOIN_MAX)

IFIQoEQ.16) WRIIEI6,101O) N,_AX,(X(1)_YII},Z(1),YINT(II,DYDX(1),

II=I,MXA)

Q = Ill
RETURN

FORMAl (54H SPLINT USED FOR EXTRAPOLAT[ON. EXIRAP_LATED VALUE : t

[G14.6)

FORMAT (2X,2IHNO. OF POINTS GIVEN =,13,30H, NO. OF INTERPOLATED PO

IINTS =,I3/IOX,IHX, IQX,IHY,IBX,IIHX-INTERPOL.,9X,IIHY-INIERPOL-,

Z8X_I4HDYDX-INTERPOL./(SEZO.B)}

END

lO00

IOlO
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$IBFTC SPLN2Z DEBUG

SUBROUTINE SPLN22 [X,Y,YIP,YNPtN,SLOPE,EM)
C

C SPLN22 CALCULATES FIRST AND SECOND DERIVATIVES AT SPLINE POINTS

C END CONDITION - DERI#ATIVES SPECIFIED AT END POINTS

C

1000

COMMON Q/BDX/S|LOOI,A(LOO),B[IOO)tC(IOO|,F[IOD),W[IOO),SB|IO0),
I G(200)

DIMENSION XIN)tY(N),EMINI,SLOPEIN!
INTEGER Q

DO tO I=2tN

TO S(1):XIII-X(I-I)

NO=N-I

IFINO.LT.2) GO TO 30

DO 20 I=2,NO

A(I)=S(1)/6.

B(I}=(S(I)+S[I+I))/3.

CII}=S(I+I)/6.

20 F(1)=(YII+I)-Y(1))IS(I_I)-(YII)-Y(I-t))/S(I)

]0 AIN) = SIN)/6.

B(I)=SI2)/3.

BIN) = S(N)I3.

C(L)=S(2)/6.
F(L):[YI2)-Y(t})/S(2)-YIP

F(N)= YNP-(YIN)-YIN-II)/SIN)

WII)=BIL]

SB(I):C(I)/WIt)

G(L)=F(LJ/W[I)

DD 40 I=2,N
W|I)=B(I}-AII)_SB(I-I)

SB(1):CII)/W[I)

_0 GII)=IFII)-A(1)_G(I-I})/W(1)

EM(N}=S[N}

DO 50 I=2,N

K=N÷I-I

50 EMIK)=GIK)-SB(K)*EM{K÷|I

SLOPE|L)=-S(2}/6._(2._EMII}+EM{2))+IYI2)-Y[I))/S{2)

DO 60 l:2tN
60 SLOREII)=SII)/b._[2._EM(1)+EMII-I)I,IY(1)-YII-I))/S(1)

IF IQ.EQ.18) WRITE(btIO00) NtIX(1),YIII,SLOPE|I),EMIII,I=ItN)
RETURN

FORMAT (2X_ISHNO. JF PBINTS =_I3/EOXtIHXttgXpIHYtlgXtSHSLOPEtlSXt
12HEM/[_F20.8))

END
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$1BFIC ROOT DEBUG

SUBROUTINE RODT(A,BtY,FUNCTtTOLERYfXvDFX)

ROOT FINDS A ROOT FOR (FU_CT MINUS Y) IN THE INTERVAL IA,B)

COMMON SRW,ITER, IE!WDtLERI2),NER[2]

INTEGER SRW

IF (SRW.EQ.2I] WRITE(6, LO00) A,B,Y,TOLERY

rOLERX: {B-A)/IO00.

AB2= {A+B)I2.

I= 0

X= A

10 CALL FUNCT(X,FX,DFX,INF)

IF (SRW.EQ.21) WRIIEI6, L010) I,X,FX,DFX,INF

IF {ABS{Y-FX).LT.TOLERY) RETURN

IF (I.GE.IO00) GO TO )0

I= I+I

IF (INF.NEoO .OR. DFX°EQ.O.) GO TO 20

X= [Y-FX)/DFX÷X

IF (X.GE°A .AND. X.LE.B} GO 70 I0

X = A+IOLERX_FLOAT{I)

IF(I.EQ.I) X = B
GO TO I0

20 IF [X.LT.AB2) X:X+TOLE_X

IF (X.SE°AB2) X=X-IOLERX

GO TO I0

30 WRITE(6_L020) LERI2),A,B,Y

STOP

TO00 FORMAT {]2HLINPUI ARGUMENTS FOR ROOT -- A =GL3.5,3X,_H_ =,GL3.5,

I 3X,3HY :,GI3.5,3XIBHTOLERY =tGI3.511IH ITER. NC. XtlIX,

2 2HFXtI5X,3HDFXtIOX,)HINF|

I010 FORMAT {SX,13tGL6.5,2GI8.5,16)

L020 FORMAT |L4HLROOT CALL _0.,13/47H ROOT HAS FAILED TO CONVERGE IN I0

LOO ITERATIONS/4H A :tGL4.6, LOX,)HB :_GL4.6,1OX,3HY :tGI4.6)
END
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$1BFTC BLCD DEBUG

SUBROUTINE BLCD

BLCD CALCULATES BLADE THETA COORDINATE AS A FUNCTION OF M

COMMON SRWtITER, IEND_LER(2),NER(2)

COMMON /INP/GAM,AR_I|PIRHOIPtWTFLtDMEGApORFtBETAItBEIADt

L MBItMBO_MMtNBBItNBLtNRSP_MR(50)_RMSP(50}tBESP(5OIt

2 8LDATIAANDK_ERSORtSTRFNtSLCRD_INTVL,SURVL

COMMON /CALCON/MBIMIfMBIPI,MBOMIvMBOP[_MMM[tHMI,HTtDTLRtDMLR,

L PITCH,CP,EXPON, TWW,CPTIP,TGROG,TBI,TBO,LAMBDA,TWL,ITMIN,ITMAXI

2 NIP, IMS(2),BVI2),MVIIOO),IV(IOI),ITV(LOOt2)tTV{IOO,2)t

3 DTDMV(IOO,ZItBETAVIIOOt2I_MH(IOOv2ItDTDMHIIOOt2)tBETAH(IOOt2)t

4 RMH(IOOt2)tBEHIIOOtZ)vRM(|OO)_BE(IOO}pDBDM(IO01, SAL(£OO)t

5 AAA([O0)

COMMON /GEOMIN/ CH3RDI2)_STGR(Z)tMLE(2)pTHLE(2)tRMI(2)tRMO(2)t

I RI(2ItRO(2)_BETI(2)tBETO(2I,NSPI(2),MSP(5Ot2)tTHSP(50,2)

COMMON /BLCDCM/ EMISOt2),INII(21

ENTRY BLI(M_THETA_DTDMtINF)

INTEGER BLDATIAANDK_ERSORtSTRFNtSLCRDtSURVLtAATEMPpSURF,FIRST_

| UPPERISI_ST_SRW

REAL KtKAK_LAMBDAtLMAX_MHtMLEmMR_MSLtMSPtMV_MVIM!

REAL M_MMLE_MSPMMtMMMSP

SURF= i

SIGN= I.

GO TO tO

ENTRY BL2{MtTHETAIDTDMtINFI

SURF= 2

SIGN=-I.

lO INF: 0

NSP= NSPI(SURF)

IF (INIr(SURFI.EQ.I3) GO TO 30

[NIT(SURFI= 13

INITIAL CALCULATION OF FIRST AND LAST SPLINE POINTS ON BLADE

2O

AA = BETIISURF)I57.295779

AA = SIN(AA)

MSP(I,SURF) = RI(SURFI_(I.-SIGN_AA)

BB = SQRT(X.-AA=t2)

THSP(X,SURF) = SIGN_BB_RI(SURFI/RMIISURFI

BEII(SURF) = AAIBBIRMIISURF)

AA = BETO(SURF)/57.295779

AA = SIN{AA)

MSPINSP_SURF) = CHORDISURF)-RO|SURF)t{X.*SIGN*AA)

BB = SQRTIX.-AA_=2)

THSPINSP,SURF) = STGR|SURF)*SIGNSBBtRO|SURFIIRMO(SURF)

BETO(SURF) = AA/BB/RMO(SURF)

DO 20 IA=X,NSP

MSP(IA_SURF)= MSPIIA_SURF)+MLE(SURF)

THSP|IA_SURF)= THSP(IA_SURF)*THLE|SURF)

CALL SPLN22{MSP(I_SURF)_THSPII_SURF)tBETI(SURF)_BEIOISURF)_NSP,

£ AAA_EMII_SURF))

IF(BLDAT.LE.O) GO TO 30

IF (SU_F.EQ.[} WRITEI6, XOOO}

WRITEI6_[OlO) SURF

WRIIE 16,[020) (MSP(IA,SURF)_THSP(IA_SURF)tAAA(IA)_EM(IA_SURF)_

l IA=I_NSP)

BLADE COORDINATE CALCULATION
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C
C
C

30 KK = Z
IF (N._,T.MSPII,SURF)) GO TO 50

AT LEADING EDGE RADIUS

6O

60

MMLE= M-MLE(SURF)
IF (MMLE.LT.-DMLR) GO TO 90

MMLE= AMAXI(O.,MMLE|
THETA= SQRT(MMLE*(2.*RI(SURF)-MMLE)}*SIGN

IF (THETA.EQ.O.I GO TO 40

RMM= RI(SURF)-MMLE
DTDM= RMMITHETAIRMIISURF)

THETA= THETAIRMI(SURF)+THLEISURF)

RETURN
INF= [

DTDM = /.E/O'SIGN
THETA= THLE(SURF)

RETURN

SPLINE CURVEALONG

50 IF (M.LE.MSPIKK,SURF)) GO TO 60
IF IKK.GE.NSP) GO TO TO

KK = KK+I

GO TO bO
S= MSPiKK,SURF)-MSP(KK-I,SURF)
EMKMI= EMIKK-I,SURF)

EMK= EMIKKtSURF)
MSPMM= MSPIKK,SURFI-M

MMMSP= M-MSPIKK-L,SURF)
THK= [HSPiKK,SURF)/S
THKM[= [HSP(KK-ItSURF)/S
THETA= EMKMI*MSPMM**3/6./S ÷ EMK*MMMSP**3/6./S
[ MMMSP + (THKMI-EMKMI*S/6.)*MSPMM

DTDM= -EMKMI*MSPMM**2/2./S + EMK*MMMSP**2/2°/S

[ EMKM[)*SI6.
RETURN

AT

7o

BO

TRAILING EDGE RADIUS

CMM= CHORD(SURF|+MLE(SURF)-M

IF (CMM.LT.-DMLR) GO T3 90
CMM= AMAXI(O.,CMM)
THETA= SQRTICMM*(Z.*RO|SURF)-CMM))*SIGN

IF (IHEIA.EQ.O.) GO TO 80

RMM= RD(SURF)-CMM

DTDM = -RMM/THETA/RMO(SURF)
THETA = STGRISURF)÷THETAIRMOISURF)+THLE(SURF)

RETURN

INF= [

DTDM = -I.EIO*SIGN
THETA= IHLE(SURF)÷STGRISURF)

RETURN

+ (THK-EMK*SI6.)*

+ THK-THKMI-(EMK-

ERROR RETURN

90 WRITE(6_IO30) LER(2ItM,SURF

STOP
I000 FORMAl (IHItI3Xt33HBLADE DATA AT INPUT SPLINE POINTS)

lOl.O FORMAT(IHL,17XtI6HBLADE SURFACE,16)
1020 FORMAT ITX ,[HMtlOX,SHTHETAtIOXtIOHDERIVATIVE,5X_[OHZND DERIV. I

l (4Gl5.5))
tO30 FORMAT IL4HLBLCD CALL NO.,13/)]H M COORDINATE IS NOT WITHIN BLADE/

14H M =,GI4.6,IOX,6HSURF =,G14.6)

END
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$1BFTC DENSTY DEBUG

SUBROUTINE DENSTYIRHOWtRHOwVELtTWLMRtCPTIP_EXPON_RHOIP_GAMtARtTIP|
C

C DENSTY CALCULATES DENSITY AND VELOCITY FROM THE WEIGHT FLOW PARAMETER
C DENSITY lIMES VELOCITY
C

COMMON SRW,ITER,IEND,LER{2],NER{2I
VEL = RHOWIRHO

IF (VEL.NE.O.) GO TO IO

RHO = RHOIP
RETURN

IO TTIP = I.-(VEL**2÷TWLMR)/CPTIP
IFITTIP.LT.O.) GO TO 30

TEMP = TTIP_*(EXPO_-I.)
RHOT = RHOIP*TEMP*TTIP

RHOWP = -VEL**2/GAM_RH3IP/AR_IEMP/TIP÷RHOT
IF(RHOWP.LE.O.) GO TO 30

VELNEW = VEL÷(RHOW-RHOT_VEL]IRHOWP

IF(ABS(VELNEW-VEL)IVELNEW.LT°oO001) GO TO 20
VEL = VELNEW

GO TO 10

ZO VEL = VELNEW

RHO = RHOW/VEL
RETURN

30 TGROG = 2.*GAM$ARI{GAM÷I.]

VEL = SQRTiTGRDG*TIP_il.-TWLMRICPTIP})
RHO = RHOIP*(I.-iVEL**2÷TWLMR)/CPTIP)_EXPON

RWMORW = RHOW/RHOIVEL
NER(1) = NER(I|÷[

WRITE(b,1000) LERII},NER(1),RWMORW

ZF4NER(II.EQ.50) STOP
RETURN

[OOO FORMAIII6HLDENSTY CALL ND.,I)I9H NER{I) =,I]/IOH RHO*W
134H TIMES THE MAXIMUM VALUE FOR RHO*W)
END

IS ,F7.4,

$1BFTC IPF DEBUG

FUNCTION IPF(IM, IT)

COMMON ICALCOfl/MBIMTtMBIPItMBOMI,MBDPI,MMMItHMItHT,DTLR,DMLR,
£ PITCH,CP,EXPON_TWW,CPTIP, TGRDGtTBI,TBOtLAMBDAtTWLtITMIN, ITMAX,

2 NIP,[MS{Z)tBV[2)tMV|XOO),IV{IO£)tlTV(IOOt21tTV{IOOt2)t
3 DTDMVIIOOt2)_BETAV(IOOt2)tMHIIOOt2tgDTDMHIIOOt2)tBETAH(IOOt2|,

4 RMH|IOO,2I,BEH(LOO,2)tRM([OO),BE(IOO),D6DMIIOOI, SAL(IOO)t
5 AAA{IO0]

IPF = IV{IM)÷IT-ITV(IM, I)
RETURN

END
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